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I. THE EPA'S RISK ASSESSMENT GN ETS IS NOT A 
REGULATION AND HAS NO DIRECT REGULATORY IMPACT 
OR EFFECT ON THE WORKPLACE. _ 

On January 7, 1993, EPA Administrator William 1 Reilly 

confirmed that the "EPA has no regulatory authority over 

environmental tobacco smoke." 

The EPA's risk assessment on ETS clearly is at most an 

informational document; it absolutely is not a formal regulation. 1 ' 

The EPA does not have (and never has had) authority to regulate 

indoor air quality in general or ETS exposures in particular. 

Specifically, the EPA has no authority to regulate smoking in the 

workplace and has promulgated no regulations. 

EPA maintains that it had statutory authority to develop 1 

the risk assessment under Title IV of the Radon Gas and Indoor Air 

Quality Research Act of 1986. 2 While even this authority is open 

to question, It is clear that Congress, when it enacted the Act, 

considered and rejected the possibility of giving EPA regulatory 

authority over Indoor air. As passed, the Act specifically provides 

that it does not authorize the Administrator "to carry out any 

regulatory program or any activity other than research,, development, 

and related reporting, information dissemination, and coordination 

activities specified 1 in this title. 1,3 

1. This Is not to say, however, that others in' the antismoking, 
community are not trying to create a regulatory impact. 

2:.. An Act, Oct. 17, 1986, P.L. 99-499, Title IV, §§ 401-405, 100 
Stat. 1758, effective on enactment on Oct. 17, 1986. 

3. Id. at § 404. 
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II. OSHA HAS REGULATORY AUTHORITY OVER THE WORKPLACE 
AND WORKPLACE SMOKING. OSHA PRESENTLY HAS NO 
RULE OR REGULATION RESTRICTING SMOKING IN THE 
WORKPLACE. _ 

The federal agency which currently has general regulatory 

authority over indoor air in the workplace is the Occupational 

Safety and 1 Health Administration (OSHA), which is within the 

Department of Labor. In March 1992, OSHA closed the public comment 

period on a Request for Information (RFI) on indoor air quality, 1 

in which the agency invited the general public to respond to 92 

separate questions covering a full range of indoor air quality 

issues, including ventilation, operation and maintenance of HVAC 

systems,. IAQ investigations, radon, bioaerosols, volatile organic 

compounds, ASHRAE standards, and IAQ costs. This overall inquiry 

specifically included ETS. OSHA has been reviewing the RFI 

comments to determine whether it is necessary and' appropriate to 

regulate workplace exposures to substances in' the indoor air 

environment. 2 Although OSHA may eventually propose a rule 

regulating indoor air quality and: indoor smoking in the workplace, 

such a rulemaking has not yet been announced. 3 


1 . 

2 . 

3 . 


Federal 1 Register . Vol. 56, No. 183, pp. 47892-97 (September 
20, 1991). 

257 Science 607 (July 31, 1992). 

See D.O.L. Press Statement, Secretary of Labor, January 14, 1993. 
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III. OSHA IS NOT BOUND BY EPA'S CONCLUSIONS, PARTICULARLY 
WHEN EPA DID NOT ORIGINATE OR RELY UPON WORKPLACE 
DATA. _ 

OSHA historically has not viewed itself as legally bound 

by EPA's conclusions. Nothing in OSHA's statutes or regulations 

refers directly to EPA's carcinogen classification scheme. A 

review of recent OSHA rulemaking provides no indication that an EPA 

conclusion' of carcinogenicity, standing alone, has led in direct 

fashion to the initiation of any rulemaking by OSHA. Historically, 

an EPA determination! of carcinogenicity is given no more weight 

than a similar determination by such organizations as the 

International Agency for Research on Cancer (IARC), the American 

Conference of Governmental Industrial Hygienists (ACGIH), or NIOSH, 

according to the review. 

On January 14, 1993, then outgoing Secretary of Labor Lynn 
Martin directed! OSHA, "as soon as possible consistent with 
applicable statutory requirements and executive orders, to commence 
rulemaking that addresses the: occupational exposure" to ETS. 
However, Secretary Martin urges OSHA to consider all information, 
including the EPA's risk assessment. As to the latter. Secretary 
Martin emphasized that EPA focused' upon the "home environment" and' 
noted that OSHA would need "to examine these concerns and determine 
how they apply to the workplace." 
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IV. THE EPA'S RISK ASSESSMENT INVOLVED NO NEW 
RESEARCH BY EPA. THE RISK ASSESSMENT IS ANOTHER 
IN A SERIES OF LITERATURE REVIEWS AND, AS SUCH, 

CONTAINS NO NEW EPA RESEARCH AND DOES NOT 
CONTAIN FUNDAMENTALLY NEW SCIENTIFIC DATA OR 
CONCLUSIONS. _ 

Although some may argue to employers that the EPA's risk 

assessment is a dispositive statement on the health claims addressed 

In the document. It is but one in a series of interpretative review 

documents based on studies and conclusions already contained in 

the: previously available published scientific literature regarding 

spousal smoking in the home. Stated another way, the risk 

assessment contains no new data', but rather provides EPA's 

interpretation of data that have already been reported in the 

published literature. 

In content as well as In time, the EPA's risk assessment 
follows denouncements of ETS in other reports by the EPA itself, 1 
by other government agencies in the United States 2 and other 


1. See various EPA "Fact Sheets" on ETS; Building Air Quality 
(1991) . The risk assessment was released in draft form in 
June 1990 1 and June 1992 with the same Group "A" classification. 
Note that Building Air Quality was published 1 after the 1990: 
draft risk assessment but before the 1992 draft. 

2. U.S. Department of Health and Human Services, "The 1 Health 

Consequences of Involuntary Smoking: A Report of the Surgeon 
General" (1936);; National Research Council, "Environmental 
Tobacco Smoke: Measuring Exposures and Assessing Health. 

Effects" (1986). Note that National Institute for Occupational 
Safety and Health, "Current Intelligence Bulletin 54: 
Environmental Tobacco Smoke in the Workplace, Lung Cancer and 
Other Effects" (1991) was published after the original draft 
risk assessment but before the June 1992 revised draft. 

In addition to the 1936 Surgeon General's report,, which was 

(continued...) 
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countries, 3 position papers by organizations and trade associa¬ 
tions, 41 studies by scientists, 5 and United States judicial opinions 


2 . (...continued) 

exclusively devoted to ETS, nine Surgeon General's reports have 
contained a substantive discussion of health issues related 
to ETS. The most recent such report was issued in 1992; it 
asserted that laws that restrict smoking in the workplace 
"protect" employees from ETS and foster an environment in 
which smoking is deemed socially unacceptable. U.S. 
Department of Health and Human Services, "Smoking and Health 
in the Americas; A 1992 Report of the Surgeon General, in 
collaboration with the Pan American Health Organization" 
(1992). Note that this repprt was published after the 1990 
draft risk assessment but before the 1992 draft. Sfee also 
Memorandum regarding discussions of alleged ETS health risks 
in Surgeon General's Reports (A&P November 27, 1991). 

3. E.g. . Froggatt Committee (United Kingdom); Australian National 
Health and Medical Research Council (1986) ; Canada Federal- 
Provincial Advisory Committee on Environmental and Occupational 
Health, "Exposure Guidelines for Residential and Indoor Air 
Quality" (April 1987). Note that WorkCover of New South Wales, 
"Passive Smoking in the Workplace:: A Discussion Paper" (June 
1991) and Dutch Health Council Report (1990) were published 
after the original draft risk assessment but before the June 
1992 revised draft. 

4. E.g.. . World Health Organization, "I ARC Monographs on the 

Evaluation of the Carcinogenic Risk of Chemicals to Humans, 
Tobacco Smoking:," Vol. 38, pp. 308, 314 (1986). Note that 

Association of British Insurers, "Smoking and the Work Place 
[sic]" (1991); National Heart Foundation of Australia, "Going 
Smoking-Free — A Guide for Workplaces" 1 (1991); U.S. National 
Electric Contractors Association, "Indoor Air Quality Problems 
and Solutions" (1991) ; American Industrial Hygiene Association, 
"Statement on Smoking in the Workplace" (1991) were published 
after the original draft risk assessment but before the June 
1992 revised draft. 

5. See generally Environmental Protection Association draft 

document, "Environmental Tobacco Smoke: A Compendium of 

Technical Information" (May 1991). 
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in cases not involving tobacco companies in which courts have 
reached sometimes vague conclusions regarding; ETS. 6 

Although the EPA's risk assessment on ETS is the first 
of these review documents to label ETS as a "Group A (known human) 
carcinogen," that label is unique to EPA and arguably does not 
reflect some heightened degree of alleged danger not reported, 
previously. EPA's "Group A" designation is part of the agency's 
carcinogen classification scheme, which ostensibly refers to the 
amount and type of carcinogenicity data available on the substance 
being evaluated. A carcinogen designation made by EPA is not 
intended! t.O' denote the potency of a substance. Moreover, the 
classification scheme is not designed to confirm the extent of the 
hazard, if any, associated with a substance at levels typically 


6. See McCarthy v. Department of Social & Health Services . 110 
Wash. 2d 812, 759 P.2d 351, 355 (1988) ("[t]he hazardous nature 
of cigarette smoke to nonsmokers is well established")i; Shimp 
v. New Jersey Bell Tel. Co. . 145 N. J. Super. 516, 368 A. 2d 

4'08 (1976) ("The evidence is clear and overwhelming. Cigarette 
smoke contaminates and pollutes the air, creating a health 
hazard not merely to the smoker but to all those around 1 her 
who must rely upon the same air supply."). 

Australian Federation of Consumer Organizations Inc, v. The 
Tobacco Institute of Australia Limited . ATPR 5 41-079 (Federal 
Court of Australia February 7, 1991) (Morling, J.) was issued 
after the original draft Risk Assessment but before the June 
1992 revised draft. The Tobacco Institute of Australia 
appealed Justice Morling's opinion; the appeal was argued in 
February 1992 and a decision could be reversing Justice 
Morling's injunction against the Tobacco Institute of Australia 
was issued in early 1993. 
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encountered. 7 


7. Environmental Protection Agency, Guidelines for Carcinogen 
Risk Assessment, Federal) Register . Vol. 51, No. 185, pp. 33992- 
34 003 (1986);. 
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V. 


THE EPA'S RISK ASSESSMENT IS NOT EASED UPON MI 
ANALYSIS OF WORKPLACE EXPOSURES AND PROVIDES 
NO NEW RESEARCH OR DATA CONCERNING WORKPLACE 
EXPOSURES. THE CLAIM THAT EXPOSURE TO TOBACCO 
SMOKE AT WORK INCREASES THE NONSMOKER'S RISK 
OF DISEASE IS NOT JUSTIFIED BY THE SCIENCE. 

The EPA's risk assessment involved a review of already 

existing literature concerning ETS exposures in the "home 

environment." The EPA conducted no research, conducted no testing 

and' in fact did no field work whatsoever involving' the workplace. 

Indeed, even if EPA had reviewed the literature which addresses 

workplace exposures and had tried to draw conclusions from that 

data, such a review does not support the conclusion that exposure 

to ETS in the workplace causes lung cancer. 

Measurements taken in offices, workplaces and public 
places, indicate that the contribution of tobacco smoke to the air 
we breathe is minimal. For example, typical nicotine measurements 
(which are particularly revealing because nicotine is unique to 
tobacco smoke) range from am exposure equivalent of 1/100 to 1/1000 
of one filter cigarette per hour. In other words, a nonsmoker 
would' have to spend from 100 to 1000 hours in an office, restaurant 
or public place in order to be exposed to the nicotine equivalent 
of just one cigarette. 

Other researchers who have measured tobacco smoke 
constituents in offices indicate that simple separation of smokers 
and nonsmokers effectively minimizes such exposures. One recent 
study reported that the use of designated smoking areas reduced 
exposure to ETS by 95%. Another study of a smoking-restricted 
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office building reported that ambient nicotine in nonsmoking areas 
was virtually undetectable, suggesting that ETS had a negligible 
impact on the nonsmoking areas of the building. 

Fourteen of the 33 available epidemiologic studies on 
spousal smoking and lung cancer in nonsmokers have included data 
on the possible relationship between ETS exposures in the workplace 
and the development of lung, cancer in' nonsmokers. Only two of the 
14 studies report statistically significant associations between 
reported workplace exposure and an increased risk of disease in 
nonsmokers. Data from 12 studies are consistent with the claim 
that there is no association between ETS exposure in the workplace 
and an increased risk of lung cancer among nonsmokers;. 

A 193 0 report which' concluded that nonsmokers exposed' to 
tobacco smoke at work for 20 or more years had reduced function of 
the small airways compared to nonsmokers not so exposed still 
receives considerable attention, although it was heavily criticized 
for questionable data acquisition and analysis. In contrast, a 
more recent study of 1,351 German office workers reportedly found 
"no evidence'" that everyday exposure to tobacco smoke in' the office 
or at home leads to an essential reduction of lung function in 
healthy adults. 

One of the most widespread beliefs, especially in the 
workplace setting, is that some nonsmokers are "allergic"' to tobacco 
smoke. Scientific researchers, however, have not identified 
specific allergens in tobacco smoke. Thus, while some individuals 
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may react to the sight or smell of tobacco smoke, this does not 
mean that they are experiencing an "allergic" reaction to it. 
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VI. THE DECISION BY THE U.S. ENVIRONMENTAL 
PROTECTION AGENCY TO CLASSIFY ENVIRONMENTAL 
TOBACCO SMOKE AS A GROUP "A" CARCINOGEN IS NOT 
JUSTIFIED BY THE AVAILABLE SCIENCE. _ 

An objective review of the available studies — including 

one of the newest and largest studies, which was not considered by 

the EPA — leads to a conclusion that the scientific data do not 

convincingly support a conclusion of an increased risk of lung 

cancer to nonsmokers from ETS. Consider, for example: 

• Twenty-four of the 30 lung cancer studies reviewed 
by the EPA do not support the agency's conclusion; 
those 24 reported no statistically significant 
overall association between ETS and lung cancer. 

• The EPA relied on 11 studies conducted in the United 
States to estimate the relative risk associated 
with ETS, not one of which originally achieved 
overall 1 statistical significance for a risk estimate. 
Only after the EPA went back and lowered the original 
statistical standards used by the individual 
studies' authors was the EPA able to force a 
conclusion of increased risk. The lowering of the 
statistical standards used by the studies' authors 
is unprecedented and appears to be the only way the 
EPA could reach its conclusion of increased risk. 

• The EPA did not include one of the largest and most 
recent studies on ETS, which was funded in part by 
the National Cancer Institute. This study reported 
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no overall statistically significant association: 
between ETS and lung cancer. Had the study data 
been included in the ETS risk assessment and analyzed 
using accepted statistical standards, the overall 
lung cancer risk estimate from ETS exposure would 
not have been statistically significant. 

The EPA calculated a risk estimate of 1.19 for ETS:. 
On a scale where 1.0 indicates no increased risk, 
1.19 indicates a very weak association. 
Epidemiologists generally agree that a relative 
risk of less than 2.0 is considered "weak.” 

Dr. Morton Lippmann, chairman of the Science 
Advisory Board committee that reviewed the risk 
assessment, has acknowledged the extremely weak 
association on more than one occasion: 

(i) Speaking to reporters in April 1991, he sard the 
provided risk of ETS was "probably much less 
than: you took to get here through: Washington 
traffic" to attend the news conference heldi to 
discuss the committee's recommendations on the: 
first draft of the risk assessment. 

(ii) In October 1992, commenting on the second draft 
of the risk assessment, Lippmann stated that, 
"Admittedly, the epidemiological (support) is 
not as clearly convincing as one would hope." 
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• This is the first time EPA has recommended a Group 
"A" classification for a substance based on weak 
epidemiologic data, and with no corroborating animal 
data. The few existing animal ETS exposure studies 
do not support the EPA's conclusions. 

Simply stated, the scientific data relied upon by the 
EPA do not convincingly support the EPA's conclusion that ETS poses 
a significant risk to nonsmokers in the workplace:. 
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VII. 24 OF THE 3 0 STUDIES REVIEWED BY THE EPA, AND 
ON WHICH IT BASED ITS RISK ASSESSMENT 
CALCULATIONS, REPORTED NO STATISTICALLY 
SIGNIFICANT INCREASED RISK. _ 

The concept off "statistical significance" is important 

because it permits a scientist to infer either that the data in a 

study support or do not support a given hypothesis. 

As stated previously, the data in 24 of 3 0 epidemiological 

studies on spousal smoking and lung cancer relied upon by the EPA 

are compatible with the hypothesis that there is no overall 

association between' spousal smoking and lung cancer. Typically, 

when results do not achieve statistical significance, further 

analysis of the data is not meaningful or productive. Apparently, 

the EPA does not ascribe to this accepted 1 statistical 1 principle. 

While data from the six remaining statistically significant studies 

permit the scientist to reject the hypothesis of no association, 

the scientist must further investigate whether the statistically 

significant association is due to the exposure in' question or to 

some other risk factor. 
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VIII. 


OF THE U.S. STUDIES REVIEWED BY THE 
EPA, NOT ONE ORIGINALLY REPORTED AN 
OVERALL STATISTICALLY SIGNIFICANT 
RISK. _ 

The EPA reviewed 30 studies involving reported spousal 
exposure to ETS in the "home environment." Of those studies, eleven 
were U.S. studies. It should be emphasized that none of the eleven 
U.S. studies reviewed by EPA reported an overall statistically 
significant risk estimate. Moreover, even when the EPA recalculated! 
the statistical confidence limits for the 11 U.S. studies, only 
one of those studies reportedly achieved statistical significance. 
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IX. OF THE STUDIES THE EPA CONSIDERED, 11 INCLUDED 
ESTIMATES OF WORKPLACE EXPOSURES, OF WHICH TEN 
REPORTED NO STATISTICALLY SIGNIFICANT INCREASED 
RISK FOR NONSMOKING FEMALES. _ 

As Secretary of Labor Lynn Martin emphasized on 

January 14, 1993, the EPA 1 s risk assessment focuses primarily upon 

spousal exposure to ETS in the "home environment." However, even 

from the "home environment" studies, if the data on workplace 

exposures are pooled in a meta-analysis, the risk estimate is below 

I.00 (unity), which indicates no positive association between 

reported workplace exposures to ETS and lung cancer lu nonsmokers;. 

Significantly, the EPA's risk assessment did not rely upon those 

data in reaching risk assessment conclusions. 
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X. 


THE EPA OMITTED FROM ITS ETS RISK CALCULATION 
DATA FROM THE NCI-FUNDED BROWNSON STUDY, ONE: 

OF THE LARGEST AND MOST RECENT STUDIES ON ETS 
AND LUNG CANCER, WHICH REPORTED NO OVERALL 
INCREASE IN RISK FROM EXPOSURE TO ETS. IF THE! 

EPA HAD INCLUDED THE BROWNSON STUDY, ITS RISK 
ASSESSMENT WOULD NOT HAVE FOUND A STATISTICALLY 
SIGNIFICANT INCREASED RISK OF LUNG CANCER DUE! 

TO EXPOSURE TO ETS. _ 

The EPA's risk assessment did not even include all then 

available U.S. data. 

The EPA did not include the data from the Brownson study 
in its calculations. See Brownson, R.C., Alavanja, M.C.R., Hock, 
E.T., and ! Loy, T.S. "Passive Smoking and Lung Cancer in. Nonsmoking 
Women," American' Journal of Public Health 82: 1525—1530, 1992. 
This case-control study is among the largest conducted on reported 
ETS exposure and lung cancer incidence. It includes 4 32 '"lifetime" 
nonsmokers and 186 exsmokers, and 1,402 controls. An odds ratio 
of 1.0 (95% Cl 0.8-1.2) was reported for spousal smoking in 
nonsmokers (218 cases and 598 controls). This odds ratio is. not 
statistically significant. 

If the Brownson study is added to EPA's meta-analysis of 
the U.S. ETS-lung cancer studies, and if the EPA's method of 
adjustment for misclassification is applied to the study, the 
resulting summary risk estimate for all U.S. studies does not exceed 
1.07, a risk estimate which is not statistically significant at a 
95% confidence Interval. 
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XI. THE EPA WOULD NOT HAVE CLASSIFIED ETS AS A 
GROUP "A" CARCINOGEN HAD THE EPA USED THE 
METHODOLOGIES AND GUIDELINES IT EMPLOYED IN 
PREVIOUS RISK ASSESSMENTS._ 


With the ETS risk assessment, the EPA has established a 

precedent-shattering framework for other future risk assessments. 

As proclaimed by Dr. William! Farland, from EPA's Office of Health 

and Environmental Assessment to the Science Advisory Board's IAQTHEC 

meeting on July 21, 1992: 

This (the ETS risk assessment) is a high 
visibility assessment . . . because of its 

implications for the future of the way we do 
business. (Meeting transcript, at 1-31). 


* * ★ 


First of all, we have a focus on human data 
which is fairly unique in terms of dealing 
with environmental pollutants. (Meeting 

transcript, at 1-33). 

* * * 

Another fairly unique situation with regard; to 
environmental risk assessments is we've taken 
the opportunity to use some new techniques,, 
meta-analysis for lung cancer, that we think 
will be important to us in terms of combining 
information from' various studies as we do risk 
assessments in the future. (Meeting 

transcript, at 1-34.) 

* * * 

So, we think that there are some interesting 
and important features and an opportunity to 
do some innovative risk assessment work in 
this particular assessment . (Emphasis added'.) 
(Meeting transcript, at 1-35.) 

* * * 

So these are all features of this particular 
assessment that we think are going to have a 
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great impact on the way we do future assessments 
in the Agency. . . . (Meeting transcript, at 

1-36.) 

If the EPA had! followed its own 198 6 draft Carcinogen' 
Risk Assessment Guidelines, it would have included: (1) a hazard 

evaluation, which would have examined data regarding the physical 
and chemical 1 characterization of ETS, as well as the results from' 
published animal inhalation studies and in vitro studies; (2) an 
exposure evaluation', which would have included the dlata from well 
over 100 studies in the published literature which monitored ETS 
constituents in the air of public places and work places; (3) a 
dose-response evaluation, which would have included an examination 
of the actual data reported in the epidemiologic studies on spousal 
smoking; and (4) a risk characterization, which would! have included 
the range of uncertainty in numbers of lung cancer deaths reportedly 
attributed to ETS exposures. The guidelines also require, for the 
evaluation of epidemiologic studies, that chance must be ruled out 
statistically (i.e., the results should be statistically 
significant), and that all possible biases and possible confounding 
factors in such studies are to be considered. The EPA's current 
strategy to classify ETS as a Group A carcinogen based solely upon 
epidemiologic studies would have failed had they carefully adhered 
to their own guidelines 
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XII. TO PLACE MATTERS IN PERSPECTIVE, IF THE EPA 
SUBJECTS CHLORINATED DRINKING WATER, THE 
ORDINARY TAP WATER CONSUMED BY MOST AMERICANS, 

TO THE EXACT SAME METHODOLOGY IT APPLIED TO ETS, 
CHLORINATED WATER WOULD ALSO BE A GROUP A 
CARCINOGEN. _ 

If EPA consistently applies it own scientific 

methodologies, the data currently available to EPA suggest that 

exposure to chlorinatedji drinking water is associated with health 

risks that are greater than those alleged; by EPA to be associated 

with ETS. 

According to the results of a meta-analysis on the 
chlorination of water and chlorination by-products, published in' 
the American Journal of Public Health ' (July 1992)', the authors 
reported that "a sample meta-analysis of all cancer sites yielded 
a relative risk estimate for exposure to chlorination by-products 
of 1.15." These results were statistically significant, as were 
results reported for "organ-specific neoplasms" such as bladder 
cancer and rectal cancer. The meta-analysis was based upon the 
adjusted relative risk estimates from' epidemiologic studies, 
precisely the same basis used in the EPA risk assessment on ETS. 
The estimated results were reportedly statistically significant, 
even after the apparent adjustment for confounding factors. 

In a November 1992 EPA workshop related to health risks 
of chlorinatedi drinking water, Dr. Devra Davis of the National 
Academy of Sciences confirmed that the reported drinking water 
health effects are greater than those alleged by the EPA for ETS: 
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Dr. Crown, you said there was little evidence 
for the effects of chlorinated water on health. 

Let me disagree specifically in the following 
ways. I think there is evidence on cancer, I 
think that there is a general consensus now 
about the fact that there is such evidence. 

Let me remind! you that the relative risk we 
are talking about here is higher than the 
relative risk for environmental tobacco smoke. 

The difference is that no one likes 
environmental smoke. Its easy for people to 
say 'oh, let's get rid of that smoke 1 , it's 
nasty and horrible,' but in fact the relative 
risk we are talking about there in the highest 
exposed group ini cancer study was higher than 
the relative risk, for the average, in lung 
cancer for someone who married a smoker. Think 
about that. 

Despite data which suggest that there are greater health 
risks associated with exposure to chlorinated drinking water than 
the risks alleged by EPA to be associated with spousal exposure to 
ETS, the; EPA has taken no action on chlorinated drinking water 
comparable to the ETS risk assessment. 
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XIII. 


THE NATIONAL CANCER INSTITUTE HAS 
COMPLETED A MAJOR STUDY WHICH REPORTS 
THAT POOR DIET AMONG NON-SMOKING 
WOMEN IS A SIGNIFICANT RISK FACTOR 
FOR LUNG CANCER. IF THAT IS CORRECT, 
IT SUGGESTS THAT ALL ETS STUDIES 
REVIEWED BY THE EPA AS A PART OF THE 
ETS RISK ASSESSMENT THAT DID NOT 
TAKE DIET INTO CONSIDERATION, SHOULD 
BE RE-EVALUATED. _ 


Many factors, including diet, may be risk factors for 
lung cancer. Other risk factors! for lung cancer include personal 
medical history, certain occupational exposures, family history of 
cancer, and 1 use of certain fuels for heating and cooking. The EPA 
did not adequately take into account factors such as diet ini its: 
risk assessment analyses. 

A recent report by the National Cancer Institute (NCI) 
that poor diet among nonsmoking women is a significant risk factor 
for lung cancer should have compelled action by the EPA. Several 
of the published studies on spousal smokingi considered by the 1 EPA 
have adjusted for the importance of diet. While the results are 
mixed, several suggest that a healthy diet, or, conversely, the 
avoidance of a poor diet containing fat and spicy foods, will affect 
reported risk estimates for nonsmokers married to smokers. Other 
studies suggest that diet is an independent risk factor for lung 
cancer. 
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XIV. THE COMMON LAW RIGHT TO A SAFE WORKING 
ENVIRONMENT HISTORICALLY PROVIDES LITTLE 
SUPPORT FOR WORKPLACE SMOKING BANS. THE ERA'S 
RISK ASSESSMENT DOES NOT PROVIDE ANY NEW 
RESEARCH DATA WHICH ALTERS OR MODIFIES THE 
SCIENCE UNDERLYING THIS LEGAL ANALYSIS. _ 

The current legal landscape is that courts have been 

reluctant to intervene in disputes regarding smoking in the 

workplace and, with' a few notable exceptions, have refused to findi 

a right to work in a smoke-free environment. In determining the 

extent to which smoking in the workplace may be restricted, courts 

generally have recognized the need to consider the interests: and! 

rights of both smoking and nonsmoking employees. 

A. Proof of Causation Relating to Any Alleged 
Indbor Air Exposure is Difficult to 
Establish _ 

A key element in any potential claim for personal injury 

by an employee against an employer is causation, i.e . , whether a 

plaintiff can prove that it is more likely than not that an exposure 

to some aspect of the indbor environment caused the injury that 

plaintiff alleges. A potential plaintiff will experience the same 

problems of proof with a claim' of injury due to an alleged ETS 

exposure as he or she would! with any other workplace exposure claim. 

To date, in cases involving workplace exposures to ETS, 

some courts have found a causal relationship between ETS and 

respiratory diseases, but usually only if the plaintiff is 
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"hypersensitive." 1 Even in those cases, there are indications that 
the causation issue has not been vigorously contested. 

If a future plaintiff succeeded in proving general 
causation, even after the EPA's risk assessment, he or she still 
would have to prove specific causation, satisfy the requirements 
of proximate cause, and! prove all other elements of each cause of 
action asserted. In the context of alternative causation and' 
alternative exposures in the contemporary nonindustrial workplace, 
the difficulty of plaintiff's task cannot be understated. The 
EPA's risk assessment on ETS does nothing to alter these very 
significant practical problems of proof. The complexities of 
accurately assessing low level exposure and the resultant dose of 
any alleged! indoor air exposure are not addressed, much less 
resolved by the EPA's risk assessment. 

B, It Has Not Been Established that Ami 
Employer's Duty to Provide A Safe Workplace 
Means No Smoking _ 

Some may allege that an employer's failure to provide a 
smoke-free workplace breaches the common-law duty to provide a 
reasonably safe workplace. However, such claims are not supported 
by existing case law. 


1. See . e.g. . County of Fresno v. Fair Employment and Housing 

Commission of the State of California . 277 Cal. Rptr. 557, © 

562-63 (Cal. App. 1991), review denied (April 11, 1991) 

(handicap discrimination); Johannesen v. New York City *£* 

Department of Housing Preservation and Employment . 154 A.D.2d &i 
753, 546 N.Y.S.2d 40, 41 (1989) (workers' compensation); GO 

Alexander v. Cal. Unemployment Insurance Appeals Board . 104 CO 
Cal. App. 3d 97, 163 Cal. Rptr. 411, 412 (1980) (unemployment © 

compensation)!. 

GO 
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Under limited, narrowly-defined circumstances,, three 
courts in the United States have allowed an employee claiming 
physical injury from ETS exposure to pursue a cause of action' 
against his or her employer for failure to provide a smoke-free: 
workplace.2 in only one of those cases, however, Shimp v. New 
jersey Bell Tel. Co. . 3 decided in 1976, did: the court actually 
award relief to the plaintiff — an injunction prohibiting the 
employer from allowing smoking in its work areas. 

In Shimp , a secretary who claimed a severe allergic 
reaction to ETS sought to have smoking banned 1 in; the area where 
she worked. New Jersey Bell, the defendant in the case, elected 
not to serve an answer or other response. Confronted! with 
plaintiff's uncontested claim, the presiding judge directed New 
Jersey Bell "to provide safe working conditions for plaintiff by 
restricting the smoking of employees to the nonwork area presently 
used as a lunchroom." 368 A.2d at 416. 

Contrary to the "avalanche-of-litigation" impression 
amtismoking advocates have sought to create, the Shims decision 
has not been followed in the 17 years since it was handed' down. 
In fact, in response to an identical complaint filed shortly 

2:. Stee McCarthy v. Department of Social and Health Services . 110 
Wash. 2d 812, 759 P.2d 351 (1988); Shimp v. New Jersey Bell 

Tel. Co. . 145 N.J. Super. 516, 368 A.2d 408 (1976); Smith v. 

Western Electric Co. , 643 S . W. 2d 10 (Mo. Ct. App. 1982) , on 

remand. Smith v. AT&T Technologies . No. 4446121 (Cir. Ct., St. 
Louis County, Missouri, unpublished, April 23, 1985). See 

generally citations at footnote 24, supra . 

3. Shimp , 368 A.2d at 415-16. 
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thereafter by the same attorney on behalf of another New Jersey 


Bell employee. New Jersey Bell elected to defend itself and promptly 
prevailed. A motion to dismiss the case was filed by the company, 
and 1 the case was dismissed! by the same trial judgp who heard the 
Shimp case. Mitchell v. New Jersey Bell Telephone Co. , No. C-4159- 
76 (N.J. SUper. Gt. Ch. Div.). 

As summarized by one commentator, a variety of factors 
limit any precedential value of the Shimp decision: 

One can' perceive, then, that Shimp is 
made up of many important facts, the absence 
of any of which could persuade a court to find 
differently. Further, this is not the Supreme 
Court in New Jersey, nor has the decision been' 
followed by any other courts in New Jersey or 
elsewhere. 

* * * 

Finally, the court's use of an injunction 
in this area is unprecedented. Injunctions 
like the one in Shimp are relatively scarce; 
the courts; look for irreparable injury, clear 
rights, and absolutely no other remedies. 

Blackburn, Legal Aspects of Smoking ini the 
Workplace . 31 Labor L. J. 564 , 568 (19 8 0) 

(footnote omitted!) . 

Perhaps the most telling refutation of the Shimp case is 
found ini another subsequent case decided by a New. Jersey state 
court of equal status. Smith' v. Blue Cross & Blue Shield! of New 
Jersey . No. C-3617-81E (N.J. Super. Ct. Ch. Div. 1983). There, as 
in Shimp . an employee alleged hypersensitivity to cigarette smoke 
and sought, among other things, to force her employer to promulgate 
and enforce a variety of smoking restrictions. In denying relief, 
the court addlressed Shimp in the following: terms: 
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Insofar as the Shimp case is read 1 by some 
as requiring: an employer to institute Draconian 
measures to smoking employees, I think it has 
to be viewed somewhat skeptically and 
cautiously. I myself have no problem at all 
with the basic concept of Shimp , that a safe 
workplace is required, but I must say it seems 
to me that some of the prohibitions contained 
in the Shimp ' case are too sweeping and go well 
beyond what is necessary to ensure a safe 
working place. Transcript of Trial Proceedings 
of August 18, 1983, at 8. 

More generally, the court rejected' the claim that 
employers have an' obligation to accede to the demands for sweeping 


smoking restrictions. The court defined the relevant duty of care 


in the following terms: 

What the employer must do is accommodate' 
the needs; of the typical employee who is a 
typical nonsmoking employee and that person 
must he given not only a healthy environment 
but one which is reasonably pleasant in the 
fullest sense, and that sort of a person must 
be protected! from offensive smoking habits, 
but what we are being asked to do here goes 
well beyond that. It's well beyond supplying 
a safe workplace, goes well beyond supplying a 
reasonably pleasant workplace, goes well beyond 
accommodating a problem or handicap. What we 
are really being asked for here is to impose 
upon every employee * * * who wishes to smoke 
a regime, a form' of discipline which goes well 
beyond the reasonable, all under the guise of 
catering to the very particularized needs of a 
supersensitive person. That is not 
appropriate. Id. at 16—17. 

Some undoubtedly will try to argue that the EPA's risk 
assessment, by itself or in addition to other studies and reports, 
demonstrates that it is more probable than not that any workplace 
in: which smoking is allowed is unreasonably unsafe, and that the 
employer should be enjoined from' permitting smoking on the premises 
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and/or made to pay damages for injuries allegedly caused by exposure 
to smoking on the premises. However, a current, objective 
interpretation of the scientific literature addressing health 
issues related to ETS, coupled with data from various organizations: 
(including NIOSH) about the relative roles of ventilation and ETS 
in the indoor air environment, indicate — in our opinion — (i) 
that the EPA's decision to classify ETS as a Group A carcinogen is 
not justified by the available science, (ii) that, in any case, the 
EPA did ; not research, rely upon or investigate possible workplace 
exposures to ETS, and (iii) that existing workplace data indicates 
that simple separation of smokers and nonsmokers effectively 
minimizes nonsmoker exposure to ETS in the workplace.. There is no 
data in: the EPA report or in the published literature which 
convincingly establish that these workplace exposures cause lung 
cancer. 
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XV. IN A NUMBER OF INSTANCES, EMPLOYERS IN ETS 
CASES WHO HAVE CONTESTED CAUSATION AND ARGUED 
ALTERNATIVE EXPOSURES HAVE BEEN SUCCESSFUL. 

Even after the ERA'S risk assessment, if a future 

plaintiff succeedtedi in proving general causation, he or she still 

would have to prove specific causation, satisfy the requirements 

of proximate cause, and prove all other elements of each cause of 

action asserted. Those employers who have argued alternative 

causation, and alternative exposures have been successful in a number 

of different circumstances. 

For example, in a recent case filed by an office worker 
who claimed that she was handicapped by an "abnormal allergy" to 
tobacco smoke, her employer developed the following facts:. (i) 
that the worker had complained to a variety of substances at other 
work locations where she had been assigned by her employer, 
including fumes from an oil fired furnace, fumes from an unknown' 
source, fumes from' motor vehicles, andi odors from new furnishings; 
(:ii) that the worker was a former smoker who showed no physical 
sensitivity to tobacco smoke when she worked!; (iii) and that she: 
had once written a letter to a state agency in which she claimed 
that her intolerance to ETS and a wide variety of other substances 
(including cosmetics, paint, cleansers and building maintenance 
products) prevented her from continuing to work for the employer. 
The employer also presented evidence that the office building to 
which; the worker was assigned when she filed her handicap 
discrimination complaint was well-ventilated and that an indoor 
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air quality test indicated no concentration of ETS or gas in the 
building. 

Based on this evidence, the trial 1 court enteredi judgment 

for defendants. See Gupton v. Commonwealth of Virginia . No. 

3:91CV003 58 (D. Va. 3/6/92) (appeal pending in 4th Cir.) . The court 

found: that the worker was not handicapped, and that even if she 

had been, her erployer had reasonably accommodated her by assigning 

her to a no--smoking area. The court specifically noted that Ms. 

Gupton had never been tested for allergies to ETS; that there is no 

medically-accepted test for any such allergy; and that the 

ventilation in the worker's building was adequate, "furnishing 

sufficient air exchange to prevent any appreciable buildup of 

substances found ini environmental tobacco smoke." 

Similarly, in another 1992 case, the Supreme Court of 

Nevada rejected an ETS workers' compensation claim filed by a casino 

worker, stating that, as; a matter of law ,, "secondary smoke is a 

hazard to which workers, as a class, may be equally exposed outside 

of the employment." Palmer v. Bel Webb's High Sierra . _ P. 2d 

_, 1992 WL 21163 2 (Nev. 9/1/92) (single quotation marks 

omitted). As in Gupton . the court's decision acknowledged the 

importance of ventilation in a workplace environment. 

It is probably true that more environmental 
smoke is associated with the casino and bar 
businesses; still, the amount and density of 
such tobacco smoke is highly inconstant and 
may range from none to quite dense, depending 
on the particular bar or casino and depending, 
on the air filtration systems and other 
variables that vary from business to business. 
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Palmer is consistent with an earlier case decided in Oregon, Matter 


of Compensation of Thompson , 51 Or. App. 395, 625 P.2d 1348 (1981). 
In that case the court held that a plaintiff who alleged that she 
was allergic to a variety of "common! substances," including tobacco 
smoke, had not suffered an "occupational disease" required for 
workers" compensation benefits. In the sixth year of her 
employment, Ms. Thompson' "began to experience a progressive onset 
of symptoms, including, headaches, dizzy spells, nausea, nose bleeds 
andi skin rashes." 62 5 P.2d at 13 49. She indicated that her 
symptoms were precipitated "by many common' substances, including 
tobacco smoke, hair spray, perfumes, paints and strong odors." Id. 

It was clear to the Thompson' court that plaintiff's 
exposure was not limited to substances in the work environment. 
Id. at 1351. In Oregon, the court said, a condition is compensable 
as an' occupational disease only if it was caused by circumstances 
to which an employee is not ordinarily subjected or exposed other 
than during a' period of regular employment. Other state's statutes 
use similar language. Thompson concluded, therefore, that Ms. 
Thompson' had not established that she had an occupational disease 
and 1 could not recover under workers' compensation. Id. 
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XVI. EMPLOYERS, BUILDING OWNERS AND BUILDING MANAGERS 
SHOULD ADDRESS AND EVALUATE INDOOR AIR QUALITY 
AND TOTAL INDOOR ENVIRONMENTAL QUALITY. IN THAT 
CONTEXT, DECISIONS SHOULD BE MADE ON INDOOR 
SMOKING WHICH ARE BEST SUITED TO THE PARTICULAR 
INDOOR ENVIRONMENT AND WHICH OTHERWISE COMPLY 
WITH APPLICABLE LOCAL LAWS. _ 

A total building systems approach to achieving and 

maintaining acceptable indoor environmental quality and adequate 

indoor air quality emphasizes attention to the proper design, 

operation and maintenance of a building's indoor systems including 

the heating, ventilation and air-conditioning (HVAC) system, 

lighting, noise and overall workplace design. 

One important factor in the building systems approach is 

ventilation, which, in turn, includes provisions for adequate: 

outdoor supply air and its distribution to occupied spaces. The 

objective is to decrease exposure to substances in the indoor air 

and to prevent and/or alleviate complaints about indoor air quality. 

A complete program for a building systems approach would also 

include provisions for the appropriate design and construction of 

HVAC systems, criteria for operation', scheduled inspections and 

maintenance of HVAC systems, and a statement of performance 

criteria, all required in order to ensure performance of the HVAC 

system to specifications. This is a performance-orientated, 

"engineering systems" approach which requires the Inter-disciplinary 

expertise of architects, mechanical engineers, HVAC contractors 

and maintenance engineers. 
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The approach recognizes the existence of potential 
"significant risk" and/or "material impairment" from worker 
exposures to poor indoor environmental quality, as documented by 
literally thousands of building investigations completed in the 
past decade. It acknowledges that individual causes of complaints 
related to indoor air quality in "problem buildings" are rarely 
identifiable, and that suspected causes of poor indoor air quality 
are likely to be multi-factorial, involving any number of substances 
at low exposure levels, as well as comfort-related factors such as 
air movement, temperature, lighting! and humidity. 

The approach offers a comprehensive solution to poor 
indoor air quality. Adequate supply air intake and its distribution 
serve: to dilute and/or remove a wide range of substances 
potentially in the indoor air, including volatile organic compounds 
such as benzene and formaldehyde (VOCs), carbon monoxide (CO), 
carbon dioxide (C0 2 ), constituents of environmental tobacco smoke 
(ETS), radon, biologicals, etc. Maintenance (inspection' and 
cleaning) of HVAC systems is particularly important in the case of 
biologicals. That is why the building systems approach emphasizes 
proper design, operation and maintenance of HVAC systems. This 
solution remains constant as the work activities of building, tenants 
and the "mix" of substances in indoor air change over time. The 
effectiveness of the building systems approach is supported by 
data in the published literature. 
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The buildings systems approach is also a feasible solution 
to indoor environmental quality problems and' to the maintenance of 
acceptable indoor air. The approach relies upon' existing technology 
and standards for the design, operation and maintenance of systems. 
It is likewise a cost-effective solution, because any costs 
associated with implementation of the approach' are likely to be 
small, and offset by a reduction in complaints and a potential 
increase in: worker productivity. The approach directs resources 
to controlling the widest range of potential substances in indoor 
air. 

Because it is visible and easily identified' by its aroma,. 
ETS is often initially identified as the probable cause of indoor 
air quality complaints. However, data on actual workplace exposure 
levels to ETS constituents, together with conclusions derived from 
eight major databases on sick-building syndrome, indicate that 
tobacco smoke is rarely the underlying cause of complaints about 
poor indoor air quality. 

For example, in Healthy Building International"s database 
of 412 sick-buildings, ETS was reported to be a significant 
contributor to complaints in only 3 percent of all buildings 
investigated. 

In the "sick building" database compiled by TDSA Ltd., 
smoking was implicated as a major contributor to complaints in 
only 12 of 408 (less than 3 percent) of the buildings surveyed. 
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National Institute of Occupational Safety and Health 
(NIOSH) investigated more than 200 "sick buildings" through 1984 
and reported that tobacco smoke was a' source of claimed discomfort 
in only 2 percent of the buildings investigated. 

In a summary of 94 building studies by government 
investigators from' Health and Welfare Canada, complaints were 
attributable to indoor constituents such as photocopy machine 
emissions and ETS in only 5 percent of the buildings investigated. 
In all of the databases, inadequate ventilation was determined, as 
the underlying source of complaints in over half of all 
investigations. 

It Is nevertheless understandable, given' the easy 
recognition! of ETS, that persons experiencing! sick-building 
symptoms initially tend to blame ETS. Indeed, researchers have 
indicated that the mere visibility or presence of tobacco' smoke 
may provoke claims that ETS is the cause of reported symptoms and 
complaints. This is likely to be especially true when' an 
individual is already feeling discomfort in a sick building setting. 
However, as one commentator has pointed out: "Removing the smoker 
entirely . . . wouldi not effect health' and comfort problems in 95 
to 98 percent of sick-buildings." 

Moreover, published data submitted on the contribution 
of ETS constituents to overall ambient air levels ini typical 
workplaces suggest that such contributions are minimal and often 
indistinguishable from' contributions from other sources. Gf course. 
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data from monitoring studies on ETS-related constituents in the 

workplace are varied and depend on a number of factors:, such as 

the number of smokers present, activity levels, ventilation, total 

volume, etc. Nevertheless, it is possible to observe trends in 

the data. For example, after a review of 37 supporting studies 

from the published literature, Philip Morris reports that: 

. . . [Tjhere is little difference in ambient 

levels of carbon monoxide in smoking and 
nonsmoking areas of workplaces and public places 
and in homes .with and without smokers. Other 
stud'ies indicate that PTS contributes 
approximately 30 percent of the total particles 
in the air of a typical public place. Nicotine 
is often used as marker for PTS exposures 
because it is unique to tobacco smoke. Typical 
measurements of nicotine range from an exposure 
equivalent of 1/100 to less than 1/1,000 of 
one filter cigarette per hour. This means 
that a nonsmoker would have to spend from 100 
to 1,000 hours or more in an office, restaurant, 
or public in order to be exposed to the nicotine 
equivalent of a single cigarette. 

Philip Morris also observes that "studies which have 
examined ETS constituent levels of nitrosamines, nitrogen oxides 
and volatile organic compounds (such as benzene) report minimal 
contributions to overall ambient air levels in homes, the workplace, 
and public places." 

Thus,, a review of the scientific data on exposure levels 
to ETS in the workplace, together with analyses of those studies. 


indicate that typical workplace levels of ETS constituents are not 


associated with a significant risk to nonsmoking workers. 

Further, the available published epidemiologic data on 


reported ETS exposures in the workplace and various chronic disease 
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endpoints in nonsmokers do not support the claim that ETS poses a 
significant risk for chronic disease among workers. This is not 
to deny that some individuals may nevertheless report annoyance or 
irritation by the sight or smell of ETS. The building systems 
approach to achieving and maintaining adequate indoor environmental, 
quality is designed to address those kinds of complaints. 
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XVII. 


THE RIGHTS OF SMOKERS COVERED BY 
COLLECTIVE BARGAINING AGREEMENTS 
MUST BE CONSIDERED BEFORE SMOKING 
RESTRICTIONS ARE IMPOSED IN THE 
WORKPLACE. _ 


A number of decisions have held that an employer may not 
unilaterally impose smoking restrictions or bans in the workplace 
when a collective bargaining agreement is in effect. The 
consistent holding has been that workplace smoking restrictions or 
bans affect conditions of employment that are within the scope of 
the collective bargaining process. 

In Commonwealth of Pennsylvania v, Pennsylvania' Labor 
Relations Board . 459 A.2d 452 (Pa. Commw. Ct. 1983), for example, 
the court held that because imposition of a change in smoking policy 
affects conditions of employment, an employer cannot impose smoking 
restrictions outside the collective bargaining process. As stated 
by the court: 

The subject of whether employees may smoke at 
their workplace appears to be at the center of 
those subjects properly described as 'conditions 
of employment' and to be entirely unrelated to 
those entrepreneurial or managerial judgments 
fundamental to the basic direction of the 
enterprise and removed from 1 the scope of 
mandatory bargaining. *** Id. at 455. 

In Johns-Manville Sales Corp v. International Ass’n of 
Machinists, Local Lodge 1609, 621 F. 2d 756 (:5th Cir. 1980) , the 
United States Court of Appeals for the Fifth Circuit likewise upheld 
an arbitrator's decision invalidating Johns-Manville’s smoking 
policy under the terms of the company's collective bargaining 
agreement. The court affirmed the arbitrator's ruling that the 
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company could not discharge an employee for refusing to stop smoking 
and stated that governmental agencies, and not the courts, are the: 
"appropriate forum for the formulation of industrial sumptuary or 
health-protection codes." Id. at 760 

More recently, in Department of Health: and Human Services 
v. Federal Labor Relations Authority, 920 F.2d 45 (D.G. Cir. 1990), 
the Court of Appeals for the District of Columbia Circuit affirmed 
these same principles. The court struck down a smoking ban 
unilaterally imposed by the Department of Health and Human: Services 
on its own office facilities, noting that the Federal Labor 
Relations Authority has "consistently rejected . . . agency 
arguments advanced to justify refusing to bargain over the scope 
of smoking bans." Id., at 49, citing National 1 Ass'n of Gov't 
Employees, and Dep't of the Army, Fort Leonard Wood, Missouri, 26 
F.L.R. A. 59 3 (1987) , and Indian Health Service v. FLRA .. 885 F. 2d 
911 (D.C. Cir. 1989). 
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XVIII. 


THE COURTS HAVE REJECTED THE 
CONTENTION THAT THE UNITED STATES 
CONSTITUTION GIVES NONSMOKERS THE 
RIGHT TO COMPEL EMPLOYERS TO PROHIBIT 
SMOKING IN THE WORKPLACE. _ 

Smoking in the workplace is not, of course, anything; 
new.. By contrast, the legal theories that have been advanced to 
force severe restrictions or bans on workplace smoking have often 
been somewhat novel. These include the notion that the United 
States Constitution can be invoked to ban smoking. 

The leading case is Gasper v. Louisiana Stadium and 
Exposition District . 418 F. Supp. 716 (E.D. La. 1976), af f'd . 577 

F.2d 897 (5th Cir. 1978), cert , denied . 439 U.S. 1073 (1979). In 

Gasper , a group of nonsmokers sued to compel the management of the 
Louisiana Superdome to prohibit smoking during sporting and other 
events. In support of their demand, plaintiffs claimed a 
constitutional right to a "smoke-free" environment, relying upon 
the First Amendment's guarantee of free speech, and! the due process 
protection afforded by the Ninth Amendment, which protects 
unspecified rights regarded by the courts to be of a "fundamental" 
nature. 

The District Court in Gasper unequivocally rejected any 
constitutional basis for restricting smoking. Responding: to the 
First Amendment claim, the court held that "the State’s permissive 
attitude toward smoking in the Louisiana Superdome adequately 
preserves the delicate balance of individual rights without yielding 
to the temptation to intervene in purely private affairs."' 418 F. 
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Supp. at 718. In rejecting the due process claims, the court 
concluded that to apply the Fifth and Fourteenth' Amendments to 
prohibit smoking — 

would be creating a legal avenue, heretofore 
unavailable, through which an individual could 
attempt to regulate the social habits of his 
neighbor. This Court is not prepared to accept 
the proposition that life-tenured 1 members of 
the federal judiciary should engage in such 
basic adjustments of individual behavior and 
liberties. Id. at 721. 

Finally, the court rejected the "fundamental right" theory 

advanced by the plaintiffs, holding! that for a court to find a 

constitutional right to be free of tobacco smoke — 

would be to mock the lofty purpose of such 
amendments and 1 broaden their prenumbral 
protections to unheard-of boundaries.. * * * 

To hold' otherwise would be to invite government 
by the judiciary in the regulation; of every 
conceivable ill or so-called 'right 1 in' our 
litigious-minded society. The inevitable result 
would be that type of tyranny from which our 
founding fathers sought to protect the people 
by adopting the first ten amendments to the 
Constitution. Id., at 721-22. 

The District Court's decision was affirmed; in' all respects 
by the United States Court of Appeals for the Fifth Circuit. The 
Supreme Court declined to review the decision. 

Other courts likewise have rejected constitutional 
challenges to smoking. E. a. . Federal Employees for Non-Smokers' 
Rights v. United States . 446 F. Supp. 181 (D.D.C. 1978), aff'd . 
598 F.2d 310 (D.C. Cir.), cert . denied . 444 U.S. 926 (1979) (action' 
to restrict smoking in federal buildings); GASP v. Mecklenburg 
County . 42 M.C. App. 225, 256 S.E.2d 477 (1979) (action to compel 
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the prohibition of smoking in county buildings andi facilities). 
Perhaps the most novel constitutional challenge to smoking concurred 
in Kensell v. State of Oklahoma . 716 F.2d at 1350 (10th Cir. 1983). 
The plaintiff in that case alleged that his employer's refusal to 
provide a smoke-free workplace violated his First Amendment rights 
because "the smoke interfered with his ability to think." Id. at 
1351. Relying on the cases discussed above, the United States 
Court of Appeals for the Tenth Circuit concluded that the plaintiff 
could prove no set of facts that would entitle him to prevail:; 

We are certain * * * that the United 
States Constitution does not empower the federal 
judiciary, upon the plaintiff's application, 
to impose no-smoking rules in the plaintiff's 
workplace. To do so would support the most 
extreme expectations of the critics who fear 
the federal judiciary as a super-legislature 
promulgating social change under the guise of 
securing constitutional rights. Ibid. 
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HIOSH IAO DATABASE SUMMARY 


NIOSH INDOOR AIR 
(THROUGH DECEMBER 

QUALITY 

1988) 

INVESTIGATIONS 

BY YEAR 

Year 


Number 

Completed 

% 

Pitre-1978: 


6 

1 

197 8 


9 

2 

1979 


12 

3 

19 8 0 


2 8 

6 

1981 


8 2 

18 

19 8 2 


52 

12 

19 8 3 


61 

14 

1984 


5 6 

13 

19 8 5 


81 

18 

19 8 6 


59 

13 

198 7 


3 8 

8 

1988 


45 

9 


Total: 52:9 100 

While the majority of the NIOSH investigations have been 
conducted in government and private-sector office buildings NIOSH 
has also looked at schools, colleges, and health care facilities. 


II. NIOSH INDOOR AIR QUALITY INVESTIGATIONS BY BUILDING: TYPE 
(THROUGH DECEMBER 19 88V _ 


Building Type _ f Completed _% 


Government and 


Business Offices 

426 

80 

Schools and Colleges 

68 

13 

Health Care Facilities 

35 

7 

Total: 

529 

100 


> Commonly, the symptoms and health complaints reported by 

j the office workers are diverse and not specific enough for NIOSH 

| 

to Identify the causative agent. However, NIOSH suggests that the 

! 

J 
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workplace environment is implicated if these symptoms: normally 
disappear on weekends away from the office. 


III. COMMON "HEALTH" COMPLAINTS: NIOSH DATABASE 


Eye Irritation 
Dry Throat 
Headache 
Fatigue 

Sinus Congestion 
Skin Irritation, 


Shortness of Breath' 
Cough . 

Dizziness 

Nausea 

Sneezing 

Nose Irritation 


Although many of these problems may be multifactorial,, 
NIOSH; classified evaluations by primary type of problem found: 
contamination from the building material (4%) ; microbiological 
contamination (5%); contamination: from outside the building (10%); 
contamination from inside the building (15%); inadequate ventilation 
(53%) ; and unknown (13%) . There are some considerations regarding 


these data, however, in that they may not fully represent a "true" 
cross-section of the indoor air quality problem. For example, 
NIOSH did not use a standard protocol for all these evaluations, 
as NIOSH methods and criteria have evolved over time. Also, since 
many of these investigations were reviewed retrospectively, there 
could be some mi s cl ass i f I cat ion due to the vagueness of earlier 
reports. In addition, Nil OSH reports that it has little follow-up 
data on many of these earlier reports. 
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IV. NIOSH INDOOR AIR QUALITY INVESTIGATIONS BY PROBLEM. TYPE 
(THROUGH DECEMBER 19881 _ 


Problem Type _ f Completed _% 


Building Materials 

Contamination 21 4 

Microbiological 

Contamination 27 5 

Outside Contamination 53 10 

Inside Contamination 80 15 

Ventilation Inadequate 280 53 

Unknown! 6.8: 13 


Total:: 52 9 100 


1i0467612' 
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Indoor air quality — the PilOSH experience 


JAMES MELIUS. MiD:, NENMETH WALLIMCrORDl M.S.. RICrtARD KEENLYSIDE. M.D.. and JAMES CAAPEMTER 
Mationalllnstitule forOccup;adb:n»Ii&jftt>-and health 


Introduction 

health complaints associated with poor Indoor 
air quality have been reported with increasing 
frequency among office workers over the past 10 
years. A number of factors have contributed to this 
trend. Including changes fn building design to 
increase energy efficiency. introduction of new 
building materials, and increased awareness 
among;workers of potentially toxic exposures In 
their work and home environments. While some 
exposures In the Indoor environment may have 
serious Implications for the health of the occu¬ 
pants {e.g . radon daughters, asbestos, formal¬ 
dehyde. pathogenic microorganisms, allergens), 
the health risks of most indoor air exposures are 
poorly understood., Nevertheless, office workers 
who are concerned about a possible problem in 
their work environment often demand a thorough 
investigation of the environ mentand of its poten¬ 
tial for healthi risks. Tor the investigator, this Is 
commonly a challenging but frustrating experi¬ 
ence because of the lack of guidelines and evalu¬ 
ation criteria for the '‘non-industrial'' setting, 

The health complaints reported by the occu¬ 
pants of the typical “problem building" are usually 
diverse and non-specific, and rarely point to an 
obvious cause. Also, the nature of 1 the problem 
maybe obscured by reports of a variety of serious, 
but unrelated! medical conditions associated with 
the office environment 

Appropriate environmental sampling is often 
quite difficult because of the presence of low levels 
of many ubiquitous substances. Specific contam¬ 
inants from sources in the office can be readily 
measured and quantitated (e.g:. ozone from copy¬ 
ing machines). but more often very low levels of a- 
variety of chemicals are detected. Such sampling 
results may in one sense be reassuring, but they 
have limited usefulness when linked with non¬ 
specific symptoms. These Investigations a re often 
complicated by extensive media coverage, multit 
pie earlier investigations by other groups, and 
deteriorating labor relations.The“federal expert'* 
often comes into the picture when, despite much 


basic work having been done, the situation has 
reached a “crisis." 

This paper will briefly present and review the 
Indoor air quality' Investigations conducted by the 
National Institute for Occupational Safety' and 
Health (NIOSH) since the start of the Health 
Hazard Evaluation Program. These investigations 
are being presented not as “THE WAY" to evaluate 
such problems, but. rather, to review our experi¬ 
ence and share our Insights as we have evolved 
our approach to these investigations. 

Indoor air quality health hazard 
evaluations 

Through December 19B3.NIOSH has completed 
205 Health Hazard Evaluations Involving indoor 
air quality' (1AQ) In a variety of settings (Table I}. 
(This does not include our Investigations of as¬ 
bestos-related problems in office buildings.) Prior 
to 1978. only six LAQ evaluations were performed; 
however, slbce then, the number has Increased 
dramatically. It appears that in the last 2 years, the 
number of these completed! investigations has 
leveled off. but this change mayrefiect our handling 
of many IAQ inquiries by providing written ma¬ 
terials and phone consultation, and by the In¬ 
creased capability’ of state and local health de- 

TABLEI 

Compllrtrd NJ05H Indoor Air 
Qu»lity lnvritigJtiont by Yea r 
(throwch HH-crm be r 119B 3 r 


Year 

Number 

Completed 

Si 

Pre>1976 

6 

3.0 

197® 

9 

4 4 

1979 

12 

3 9 

19®0 

2!» 

2 3.6 

1951 

60 

39 4 

i9e: 

44 

21 7 

1*63 

24! 

11 6 

T Dial 

203! 


Don noi . 
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partments and other groups to handle these 
evaluations without out assistance. 

Most of our evaluations have Involved govern* 
mentand private offices (over 75% (see Table Ilj), 
educational Institutions (14.8%L and health care 
facilities (9-5%). Given our mandate to evaluate 
occupational health problems. It is not surprising 
that niOSM has not inv»cstigatcd very many resi¬ 
de ntiaIf IAQ problems. Thus, we do not have much 
experience In evaluating problems which are prin¬ 
cipally encountered In residential buildings such 
as exposures to radon daughters or to combustion 
products. 

In reviewing the reports on these evaluations, 
we have attempted to classify our findings by the 
type of problem found (Table U!!}. It Is Df note that 
nearly half of these investigations have attributed 
the IAQ problems to inadequate ventilation. Some 
form of envir onm en tal con tam ination was thought 
to be the source of the problem in approximately 
50%. The source of this contamination was thought 
to be from Inside the building In 17.7% of the 
Investigations, outside the building in 105%, and 
from the building structure in 3.4%. Problems 
*uch as hypersensitivity pneumonitis, cigarette 
Smoking humidity:, etc. have accounted for ap¬ 
proximately, 10% of our evaluations, finally, in 
another 10%, the etiology of the IAQ problem has 
remained unexplained. 

In reviewing these results, several factors should) 
be considered, first, over time. MIOSM has not used 
a standard' protocol for conducting these evalu¬ 
ations. Our methods and criteria have changed as 
we became more familiar with the problem and 
developed new approaches. Also, some of these 
Inves ti g a ti on s we re conducted several I years ag o. 
leaving only scanty data and a brief report for 
current review. In the early studies, many of the 
"unknown" problems may have actually beers due 


TABLE IV 


Completed N105H Indoor Qvjlity 
Inveuif atiom by Bli fid inf Type 
(tKrougih Decrmbrr 198 3)] 


T YT* 

Number 

H 

Government *nd bviirtr »> of {nr it 

154 

75 9 

Schooli and roJir je* 

30 

1U 

Health care. 

19 

9.3 

Tout! 

200 



TABLE IIII 


Completed NIOSH Indoor Air Quality 
Invntigjtions by Type of Problem 
_ (through December 19 ft 3) 


Troblrm 

Number 

Total 

Conuminition (tnude) 

36 

17,7 

Contamination (outndcT 

2.1 

T'OjJ 

Conti miration (buildlnj Fabnc) 

7 

3 4 

Inadequate ventilation 

9ft 

46 3 

H yiperMMiii* i vi ty p n e u monitil 

6 

3;0 

C>s*irrtite imoWinj 

4 

20 

Humidity 

9 

4 4 

NotnUitlu miration 

2 

1.0 

Scabies 

1 

0.3 

Unknown 

19 

9 4 

Totlfl: 

203. 



to Inadequate ventilation, but the reports did not 
provide enough Information to determine this. 
Thus, there may be considerable mlsdasslfication 
in this list 

This listing Is also not necessarily representative 
of the general distribution of Indoor air quality 
problems in offices. Often. WOSM is requested to 
conduct an evaluation onJyafter initial attempts t£> 
Identify' the problem have failed! or complaints 
have persisted after Initial corrections have been 
made. Large public-sector agencies use MI05ri as 
a resource, but managers of smaller offices or 
office buildings may be unaware of our program! 
Therefore, these facilities may be underrepre¬ 
sented on our list Despite these shortcomings, 
the list does provide an overview of the types of 
indoor air quality problems encountered in office 
environments.,A brief review of the major types of 
IAQ problems follows. 

Contamination from inside the office 
enolronmcnl 

This classifies ti on (a p proxJ mately 18 %) refers to 
exposure to a chemical or other toxic agent 
generated within the office space. Usually the 
symptoms experienced by the office worker are 
dlrectJy linked to the exposure, but If the exposure 
Is disseminated through the building's ventilation 
system, localization of the source may be difficult 
Examples from Health Maaard Evaluations Include 
exposures to methyl alcohol! from spirit dupli¬ 
cators, 0 ’ exposures to methacrylate from coolers.*"' 


\ 
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and exposures to sulfur dioxide from a heating 
sptem 0 'Occasionally, a very specific health effect 
can aid in the Investigation, such as the occur¬ 
rence of dermatitis from amines used in humidifi¬ 
cation systems u 5, The use of pest control agents, 
such as cftlardfene. may also cause persistent 
problems In office environments/ 4,1 

These problems can usually be Identified by 
inspecting the affected office area (e.g.. copying 
machines) and by questioning about other uses of 
chemicals in the building (e.g.. pesticides, humid¬ 
ification agents), Environmental and medical test* 
Jng appropriate for that chemical can then 1 be 
conducted. 

Contamination from outside the building 

This classification (approximately 10%) refers 
to exposure to a chemical or other toxic substance 
originating from a source outside the building. 
Common examples Include motor vehicle exhaust 
either from a parking garage or loading dock 
entering the building through the Intake from the 
ventilation system.' 15 ' Many of these exposures are 
‘'presumed" explanations that cannot be docu¬ 
mented at the time of the investigation. Although 
the dispersal of substances through the ventilation 
system may seem obvious, the complexity of the 
system may require the use of more sophisticated 
techniques such as a tracer gas to document the 
problem/*'' Other outside sources Include nearby 
construed on a ctivi ty wh ich m ay ge n er ate su five lent 
exhaust fumes, dust, or other contaminants to 
cause:complaints In nearby offices/ 10 * 

A few years agp. HI OSH evaluated a dramatic 
case of outside contamination of an office build¬ 
ing when we discovered a 6-mIllion-galIon unden- 
ground gasoline spill while Investigating irritative 
symptoms among the office occupants/" ) While 
this may be viewed as unusual, there Is concern 
about the Increasing number of underground 
gasoline tank leaks., 

Contamination from the building fabric 

Contamination from the building, fabric (ap¬ 
proximately 3% of our evaluations) refers to prob¬ 
lems from the material used to construct the 
building. While not Included In our list of evalu¬ 
ations, asbestos Is obviously a major source of 
concern about Indoor air quality. Other Insulating 
materialsarc a common source of these problems 
because of the relfcase of substances such as 


formaldehyde/ 131 Dermatitis due to fibrous glass 
has also been a common problem, usually after 
the fibrous glass insulation has been disturbed 
during some construction:activity/ 131 

tly perse ns it iuity pne u m o n \i t is 

This group (approximately 3% of our evalua¬ 
tions) refers to problems due to a hypersensitivity 
reaction to microorganisms In the building en¬ 
vironment Although nota common cause of office 
problems, the potential medical severity of this 
condition and the difficulties In controlling this 
problem make It an important cause of office 
problems. MIDStts evaluations regarding this 
problem will be discussed later In this volume. 

inadequate ventilation 

By far the largest classification, this group makes 
up approximately one-half of our completed eval¬ 
uations. Our determination of Inadequate ventila¬ 
tion Is commonly made after considering a num¬ 
ber of factors. Including the absence of: other 
sources of contamination and 1 the presence of 
only very low levels of contaminants In our en¬ 
vironmental sampling results. These. linked to the 
widespread occurrence of non-specific symptoms 
such a:s headaches., eye Irritation, and upper 
respiratory irritation, suggest that an evaluation of 
the ventilation system may be warranted. 

The evaluation of ventilation systems will be 
discussed later. Our methods range from obtain¬ 
ing specifications on the building ventilation sys¬ 
tem to detailed air flow, measurements. Both 
approaches can 1 present 1 difficulties. Information 
on the specifications of the ventilation system,Is 
often not readily available from the building op¬ 
erators. Buildings with, renovated ventilation sys^ 
tem are often very difficult to evaluate because of 
the piecemeal approach used In such renovation. 
The ASMRAE guidelines for ventilation aire usually 
used for comparison/ 141 While one can question 
the basis for these guidelines, we have found them 
useful Im evaluating IAQ problems and for rec¬ 
ommending corrections where there Is a problem 
because of Inadequate ventilation. 

The pathogenesis of complaints or symptoms 
caused by inadequate ventilation Is not clear, but 
certain extreme situations have provided us with 
some Insight into the relationship between such 
complaints and Inadequate ventilation. In 1,962, 
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we conducted an evaluation at a govemment office 
building in- Idaho with widespread complaints 
among the employees. Despite environmental 
surveys showing no significant comtamlnant levels, 
the employees were moved to another building. 
Cur Investigators found that the air Intake for the 
building had been covered with,plastic one year 
earlier, to protect the afr handling system, from 
airborne debris from Mount SL Helens, and that 
this cover had never been removed. Removal 
restored Intake of adequate outdoor air to the 
bull d I ng and al! owe d re ooc upa n cy with out slgnlf- 
leant problems.' 35, “ However, in this situation, no 
environmental measurement indicated that there 
was a problem. In general, we hove not found any 
environmental measurement to be useful as an 
Indicator of poor ventilation. However, it should be 
noted that other investigators have, found carbon 
dioxide levels useful for such evaluations.' 16 - 1 "' Low 
levels of multiple contamina nts a rc often present 
In these situations and are currently the best 
explanation for the occurrence of symptom 5 . The 
partem; of contaminants probably varies from 
building to building, but we do not yet have 
adequate measurement techniques or adequate 
knowledge to easily recognize this problem 
through environ men tat sampling. 


Current evaluation methods 

Our current approach to evaluating office en¬ 
vironment requests usually begins with a walk¬ 
through evaluation by an industrial hygienist- Prior 
to this, we Cry* to obtain background information 
on the history of the building design or construc¬ 
tion and try to ensure that the building engineer 
will be present during the investigation. During the 
Initial visit we obtain a history ofl complaints 
among office occupants by interviewing as many 
as Is feasible.This is helpful not only for identifying 
the type of medical complaints, but also for ob¬ 
taining a chronology of the problem and ascer¬ 
taining the time pattern of symptoms (afternoon 
more than morning, etc). 

Potential sources of contamination are Identi¬ 
fied during the Initial walk-through evaluation. 
Some will be obvious (eg., copying machines), 
while others may be identified only 1 after careful 
questioning (e.g.. pesticide spraying). We also 
usually Inspect the ventilation system for the par¬ 
ticular office area and attempt to understand Its 


connection to the system for the entire building, 
Information, on the control of the ventilation 
system (outdoor air Intake relative to temperature, 
etc.) is also obtained. Some environmental samp¬ 
ling may be conducted Ifa source ofcontamination 
Is found or suspected. Some general air monitor¬ 
ing (e.g.. organics) may also be conducted, but this 
Is usually more helpful to reassure the occupants 
that the toxic substances of concern to them arc 
not present in any degree than Il ls for Identifica¬ 
tion of a problem. 

The problem maybe resolved during this Initial 
vfsiti but. In some Instances, more extensive en¬ 
vironmental sampling, a medical study, a ventila¬ 
tion assessment or some combination of these 
may be required. These may be necessary' either 
to better identify the source and extent of the 
problem or to alleviate the concerns of the affected 
employees. Once our investigations are complete, 
our findings and recommendations are communi¬ 
cated to the involved parties. 

Future activities In indoor air quality 

More research Into office ventilation and Its 
effect on background levels of contaminants is 
necessary to provide better guidelines for evalu¬ 
ating and controlling Indoor air quality problems. 
Because of the nature of these exposures.a variety 
of governmental agencies and private groups are 
Involved In this research effort Recently, the En¬ 
vironmental Protection Agency, the Consumer 
Product Safety Commission, the Department of 
Energy', the Department of Health and Human 
Services, the Tennessee Valley, Authority', and sev- 
eral other federal agencies formed a coordinating 
committee on indoor air quality' research. This 
committee wild help to 1 coordinate Tederal gov¬ 
ernment Indoor air quality research. Already, an 
Inventory of lAQ-related research in the Pedcral 
government has been prepared. These agencies 
are also coordinating the planning of a possible 
large national survey of Indoor air pollution and 
related health problems. 

While much of this effort and related research 
may seem remote to Investigating! specific prob¬ 
lems In office buildings, they may provide the 
basis for better guidelines for evaluating Indoor 
air quality and for necessary corrective steps. At 
the same time, improved methods of assessment 
are needed to evaluate specific types of problems. 
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niOSM is currently developing better methods for 
assessing indexer air quality (c.g.. microorganism 
levels, ventilation parameters, etc). Other groups 
are working! on methods for other types of as¬ 
sessments Meanwhile.we will continue to evaluate 
Indoor air quality problems and. hopefully, con¬ 
tinue to Improve our efforts In these assessments. 
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INTRODUCTION 


The National Institute for Occupational Safety and Health (NIOSH) has complied 
this document In response to an Increasing number of requests for information 
about indoor air quality (IAQ) , including, "slick, building syndrome. " Included 
in this publication are: 

1. NIOSH Congressional testimony that describes the HIOSH IAQ 
investigations program and summarizes the results of NIOSH research and 
findings on IAQ problems; 

2. NIOSH guidance for conducting Indoor air quality investigations:; 

3. NIOSH journal article on evaluating building ventilation systems;; and: 

4. List of non-NIOSH publications on Indoor air quality. 

As the Federal agency responsible for conducting: research and 1 making 
recommendations for occupational safety and' health standards, NIOSH limits: Its 
IAQ activities to the occupational environment. The U.S. Environmental 
Protection Agency (EPA) also conducts an IAQ 1 program and can be contacted for 
Information regarding both occupational and 1 non-occupational settings. 

Several relevant EPA publications are included in Item 4 above and can be 
obtained from the EPA Public Information Center, 401 M Street S.V., Kail Code 
PM 21 IB:, Washington, DC 20460 , telephone 202 - 382 -2060. 
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I am. Dr. J . Donald Millar, Director of the National Institute for Occupational 
Safety and Health (NIOSH) of the Centers for Disease Control, In the Public 
Health Service of the Department of Health and Hunan Services. I appreciate 
this opportunity to report to you on the activities of NIOSH in the area of 
Indoor air quality. 

Our experience with evaluating and understanding indoor air quality problems 
Is based on the research and technical assistance that we have conducted under 
the mandates of the Occupational Safety and Health Act (OSH Act). Our 
knowledge, therefore, relates to the health effects; on workers in 
nonresidential and nonindustrial workplaces, including Federal buildings # , 
schools, and other public buildings, commercial buildings and portions of 
commercial vehicles occupied by workers. In addition to dealing with air 
quality, this knowledge base Includes data on ergonomic and psychosocial 
problems that also affect workers. 

More specifically, most of our knowledge on Indoor air quality problems has 
been genera ted on the "technical assistance side" of our responsibilities 
under the OSH Act. This assistance is conducted under Section 20(a)(6) of the: 
OSH Act through our Health' Hazard Evaluation (HHE) Program;, where ue respond 
to requests from employers, employees, employee representatives, State and! 
local agencies and other Federal agencies. Presented below is a brief 
narrative of how the HHE Program is utilized for Indoor air quality 
invesClgat ions, and what we have learned from these investigations in> regard 
to the extent of the problem. Additional details are shown in Enclosure: 1. 

In> the 1970's, following the Arab oil embargo, energy conservation programs 
were encouraged throughout the United StatesThe operations of buildings 
changed in an effort to conserve fossil fuels and operating costs. 

Ventilation' rates were reduced and buildings were sealed to prevent 
Infiltration of untempered outside air (hot, humid air In the summer months 
and cold, dry air In the winter months). At the same time:, there was a 
revolution occurring In buildings throughout the country. Computers forced a 
change in office procedures and productivity leading to ergonomic and 
organizational stress problems. Some cf these new office technologies; brought 
with them chemical and physical hazards. 

V,e saw the effect of the conservation measures, as well as problems associated 
with the shifts in office automation (e.g. video display terminals, vision 
problems). and concern about asbestos and radiation, through increases in 
requests for assistance in the HHE Program. Of the 1,200 Health Hazard 
Evaluations between 1971 and 1978, NIOSH investigated' six Indoor air quality 
problems or 0.5% of the total. From 1978 to 1980, the percentage of HHE's 
have averaged 12 % of all health hazard evaluations. More recently, on, an 
annual basis, this has increased to approximately 20%. For example:, in FY 
1988 through the present, NIOSH's toll free Information number has received an' 
average of approximately 60 Inquiries and requests for assistance per month on 
indoor air quality problems. In 1988, in addition to providing background 
information and a' copy of NIOSH * s indoor air quality guidance document 
(Enclosure I) to most of these callers, NIOSH researchers conducted 45 field 
investigations. 
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Table 1 presence the number of HHE investigations by building type since the 
Program was Initiated in 1971. (These totals do not include complaints 
arising fron asbestos contamlnation--the number of which also is significant-- 
or complaints regarding radon.) 

TABLE 1 

K105H Indoor Air Quality 
Investigations by Building Type 
(through December 1988) 

Number Percent 

Bull dint Type _ Opnrpleted _ of Total 


Government and 


Bus loe s s 

Offices 

426 

80 

Schools and 

Colleges 

68 

13 

Health Care 

Facilities 

_21 



Total: 

529 

100 


Ue have not seen a decrease in indoor air problems and we are concerned that 
as the U.S. moves more and more to a service and information economy, with 
increases in office workers, the problems will increase. 

Indoor air quality problems may arise from a variety of sources including 
human metabolic activity, smoking, structural components of the building and 
contents, biological contamination, office and mechanical equipment, and 
outside air pollutants that enter the building. Commonly, the symptoms and* 
health' complaints reported by workers; are diverse and not specific enough to 
readily identify the causative agent (Table 2). The workplace environment is 
implicated by the fact that these symptoms can be severe enough to result In 
missed work, reassignment, and even termination. This causes increased 
anxiety among the workers and, often times, makes the Investigation of these 
problems even more difficult. 

TABLE 2 

Common Health Complaints 

Eye Irritation 
Dry Throat 
Headache 
Fatigue 

Sinus Conges 11on 
Skin Irritation 
Shortness of Breath 
Cough 
Dizziness 
Nausea 
Sneezing 
Nose Irritation 
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Although some of these episodes may be made up of several factors combined, ve 
have classified the results found in our HHE Program by primary type of 
problem found: contamination from the building materials (4%); microbial 
contamination (5%); other contamination from inside the building (15%); 
contamination from outside the building (10%); inadequate ventilation (53%) ; 
and, unknown (13%). 

As mentioned above, in over half of our Indoor air quality investigations, 
inadequate ventilation was found to be the cause of complaints. Heating, 
ventilating, and air conditioning (HVAC) conditions that can cause; indoor air 
quality problems include migration of odors or chemical hazards between 
building areas, re - entrainment of building exhaust through heat recover 
devices or improper placement of exhaust and intake stacks, buildup of 
microorganisms in HVAG system components and poor odor and environmental 
control due to insufficient "fresh" outdoor air. The insufficient use of 
"fresh" outdoor air has been compounded by reduction in ventilation airflows 
because of energy conservation. The inadequacy of building ventilation can be 
evaluated by aonitoring ambient carbon dioxide (C02) concentrations, 
temperature, humidity, and airflow. However other chemical agents from 
sources other than human occupants also increase with adequate building 
ventilation. 

In 20-25% of our indoor air quality surveys, sources inside the building have 
been, identified as the major generators of indoor air pollution. To date,, 
common sources that have been identified Include: duplicators-methyl alcohol; 
signature machines - butyl methacrylate; blueprint copiers--ammonia; acetic 
acid; pesticides; boiler additives --diethyl ethanolamine; cleaning agents; 
tobacco smoke and combustion gases; foam insulation!, particle board, plywood, 
construction glues and adhesives-- formaldehyde, and organic solvents ; lined 
ventilation ducts--fibrous glass; silicone caulking and curing agents. in 
these situations, ve have found that low concentrations of agents need to be 
monitored, since odor thresholds, comfort and! unusual stimuli may be the 
significant factors rather than higher concentrations where health effects 
have been established. Also, in many instances no evaluation criteria exist 
and the investigators must compare areas where complaints are frequent with 
areas which have no complaints to search for chemical, biological, physical, 
and organizational factors which may be the cause. Given the problems with 
identifying emission sources and the need to measure at low levels, sensitive 
and specific direct-reading instruments need to be followed with' highly 
specific, low level chemical analysis in the laboratory. 

To complicate the investigations concerning poor air quality, ergonomics and 
psychosocial issues often are encountered. For example, our research teams, 
composed 1 of behavioral acientiats, physicians and industrial hygienists, have 
investigated a series of mass illness outbreaks in various work settings for 
which there was no apparent physical or chemical cause. The reported symptoms 
are typically vague and nonspecific, and frequently are described by workers 
as ill defined contaminants in the workplace (e.g., bad odors, stuffy or heavy 
air). Questionnaire surveys and Interviews of both affected and' unaffected 
workers suggest that the expression of the symptoms may have been exacerbated 
by a variety of ergonomic,, organizational and! psychosocial stresses which' 
increase worker job and life-dissatisfaction. 

I* 
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Aside from K10SH experiences discussed Above, there have been considerable 
activities by other governmental and nongovernmental groups worldwide of which 
I am sure you are aware. Some major examples of these are as follows;; 

1. The National Research Council's Assembly of Life Science published "Indoor 
Air Pollutants" In 1981. The report lists a number of chemicals 
implicated in indoor air pollutant problems without assessing their 
importance. The Assembly also recommended that monitoring protocols and 1 
special Instruments be developed to asses Indoor air pollutants:; that 
complaints of malaise, headache i( stuffiness, and eye and throat irritation' 
be studied; that the lowering of work productivity due to indoor pollution 
and associated discomfort be investigated; and that the influences of 
building design on the concentration of pollutants in commercial 
facilities be conducted. 

2. The Environmental Protection Agency (EPA) published "EPA Indoor Air 
Quality' Implementation Plan" in 1987 which not only described EPA's 
research' agenda at that time, but dealt with those indoor air quality 
issues that concerned other Federal agencies. The document included 1 a 
bibliography of indoor air quality literature containing over 2,000 
entries. 

3. In 1988, the Health and Safety Executive of Great Britain issued a report 
•Sick Building Syndroae: A Review," This report summarizes their 
experiences with '"sick building syndrome ," and discusses symptomscommon 
features of "sick buildings" and possible causes. Their experiences 
mirror that information found by our KKE Program. 

4. A 1988 EPA publication, "Indoor Air Quality in Public Buildings" reported, 
that concentrations of volatile organic compounds in new buildings were 
found to be as much as 100 times higher than those found outdoors. 

5. Volume II of the Environmental Protection Agency's Report to Congress 
prepared in> 1988/89 under Title IV of the Superfund 1 Amendments and 
Reauthorization Act of 1986 highlights an up-to-date summary of the 
"Assessment andl Control of Indoor Air Pollution." This volume discusses: 
such issues as (a) factors affecting, indoor air quality; (b) sources of 
pollutants and health effects;, and' (c) economic impacts. 

These examples support the point that indoor air quality problems associated 
with worker health are. significant And require continued vigilance. 

Ini regard to your questions pertaining specifically to the Indoor Air Quality 
Act (S.657), the Administration has not yet taken a position on the specific 
contents: of the proposed legislation. 

Thank you for the opportunity to submit this testimony to the record. 
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ENCLOSURE X 


THE NIOSH APPROACH TO CONDUCTING INDOOR AIR QUALITY 
INVESTIGATIONS IN' OFFICE BUILDINGS 

National Institute for Occupation Safety and Health 


ABSTRACT 


Since 1,971, personnel from the National Institute for Occupation' Safety 
and Health (NIOSH) have complete over 500 indoor air quality (IAQ) 
investigations in a variety of office building environments. Most of these 
investigations have been conducted since 1979, paralleling the: energy 
conservation concerns of building owners and operators. These: investigations 
have been conducted under the authority of the NIOSH Health Hazard Evaluation 
Program and have been In direct response to reported health complaints or 
Illness. Therefore, these IAQ investigations are intended to establish, the 
identity of a problem and to recommend solutions for its correction. Over 
time,, we have developed a consistent methodology with a "solution-oriented’' 
approach to conducting these IAQ investigations. To Initiate the 
investigation!,, the NIOSH 1 team gathers background Information by telephone and 1 
then, makes; a site visit to interview the affected employees and establish 
symptom identity and prevalence. During this initial site visit, the: 
Investigators also attempt to identify sources of contaminants, evaluate 
comfort parameters, and assess ventilation system performance. A variety of 
applicable evaluation criteria may be used, including "rules-of thumb" gleaned 
from the current scientific literature and our own experiences. If specific 
problems: cannot be Identified through these initial means, follow-up visits 
are then used to pursue a continually narrowing range of possibilities. This 
"solution-oriented" approach has resulted In the best allocation of our 
resources and has allowed the most efficient use of In-field as well as 
analytical personnel. In the IAQ; investigations completed to date, problems 
were found to result from building material contaminants in 4%, 
microbiological contaminants in 5%, contaminants brought in from outside the 
building in' 10%, contaminants from inside the building In. 15% and Inadequate 
ventilation' problems in 53%. The remaining 13% represent those investigations 
where no problem could be Identified. 

INTRODUCTION 


The sometimes questionable quality of indoor air and the potential for 
health risks have become major concerns of building occupants, especially 
office workers. Some potential indoor exposures, such as to the carcinogen, 
asbestos, have we 11-documented health implications. But,, more commonly,, the 
health risks of other indoor air exposures are poorly understood. 

Nevertheless, office workers experiencing indoor air quality (IAQ) problems 
often demand a complete evaluation of their work environment and of the effect 
it may have upon their health. 
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At the National Institute for Occupation Safety and Health (NIOSH), the 
majority of our indoor air quality investigations are conducted as part of the 
Health' Hazard Evaluation Program. Ve conduct there health hazard evaluations 
at the request of employee groups, unions, management„ and local, State and 
Federal agencies. Generally, these requests are in response to existing 
worker health complaints: and illness. Recause we are essentially •invited" to 
conduct these investigations, the data presented here will, not reflect a 
statistically valid cross - section of the indoor air quality problem. However, 
these findings are drawn from one of the largest single information bases 
currently available on the subject. In essence, this paper will summarize the 
NIOSH methodology currently used during IAQ invest!gstions and some of the 
data from these LAQ investigations completed since the start of the Health 
Hazard Evaluation Program. 

KETMODObOGT 


Ve have found that investigating IAQ problems can present a formidable 
challenge which, in some ways, is more difficult than evaluating, Industrial 
environments. In an industrial situation,, the evaluation will be directed by 
investigations of the materials used by, or in the vicinity of, the affected 
workers. These materials can usually be chemically analyzed which permits 
techniques; and potential health effects using standard medical and 
epidemiologic techniques. Frequently there are exposure criteria which can be 
applied to help interpret the data obtained... This is rarely, the case with an 
indoor air quality problem. 

Indoor air quality investigations tend to become more complicated as 
time passes without identification of a cause. Frustrations result in highly 
charged emotions which only further iarpede continued evaluation efforts. 

These situations are further complicated by the fact that symptoms are not 
easily attributed to a single cause and the application of standard 1 industrial 
hygiene, medical and epidemiologic techniques may prove to be inconclusive. 

Over time, our approach in evaluating this situation has changed:. Ve 
have developed 1 a more consistent, solution-oriented approach that 
systematically excludes a continually narrowing range of possibilities:. 
Generally, this exclusion hierarchy,, which has come about based on our past 
experiences,, Involves evaluation of physical, chemical and microbiological 
factors, in the order presented. Each of these potential causation categories 
are discussed in more detail later In this presentation. 


Since we anticipate that IAQ requests will continue to represent a. 
substantial percentage of the total health hazard evaluation requests 
(currently about 20%), three response levels have been developed. Based: on 
the information obtained during initial telephone with the requestor, the 
following responses are possible: 
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1*. Provide ’’self-help evaluation" materials (attached) . Remain 
available for consultation by telephone. Become more involved, if 
necessary. 

2. NIOSH conducts an initial evaluation an provides recommendations to 
solve the problem or for further study on a "self‘help" basis. 

3. NIOSH conducts a full scale investigation. 

The NIOSH investigation team commonly includes an industrial hygienist 
and physician/epidemiologist, but can also include other professionals such as 
an engineer. Most investigations: contain the following parts:, background 
assessment, initial site assessment, and, if necessary, additional site 
assessment. 

BACKGROUND ASSESSMENT 

For the background assessment , ve initially obtain, by telephone tl as 
much information on the building as practicable, an idea of symptoms being 
experienced, and a chronology of the problem. Much of this information can be 
collected using a standard questionnaire. We also request copies of other 
previous investigations which are relevant to the problem at hand 1 . These data 
are then used to tailor the protocol for the initial site assessment so as to 
make it more efficient. 

INITIAL SITE ASSESSMENT 

For the Initial site assessment, a common protocol includes five 
separate steps or parts: an opening conference, a walk-through evaluation, 
personal interviews, phase I of environmental monitoring, and a closing 
conference. 


Opening Conference --The opening conference is attended by 
representatives of the employer and employees (where applicable); as well as 
someone who has knowledge of the operation, and maintenance of the building's 
heating, ventilating and air conditioning (HVAC) systems. This meeting serves: 
to present NIOSH's role, discuss anticipated activities and arrange to receive 
copies of pertinent data not already, received. 

Walk-through Survey--The walk-through survey will Involve all or part of 
the building including inspection of the HVAC systems with special attention 
given to the mechanism by which outside air enters each HVAC unit. 

Architectural plans and ventilation test and balance reports may also be 
reviewed during this phase. Potential sources of emission are identified so 
that each may be further evaluated; as needed. 


Personal Interview-- Personal Interviews are often conducted to determine 
the extent, prevalence and character of reported symptoms. The use of a 
questionnaire, such as the one shown in Appendix I, may be the most efflc 
means of collecting this type of information:. It can be used as a guide 
during personal interviews or it can be seIf-administered 
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Phase I Environmental MonitorIng--Phase I environmental monitoring is 
usually conducted on each initial survey. The scope of this effort may vary, 
but usually will either evaluate certain aspects of the building environment,, 
which ve have come to believe are important factors in all investigations, or 
explore any other possibilities made apparent from the background assessment. 
Evaluation of the ventilation system using both actual measurement and/or 
carbon dioxide (C02) techniques, and monitoring temperature and relative 
humidity are useful procedures for all evaluations during the initial site 
assessment. Monitoring for formaldehyde is an example of a specific method 
vhich may be used if the background assessment indicates that respiratory 
system and eye irritation are prevalent complaints and the space has been 
recently built or renovated (a number of furnishings are potential sources of 
formaldehyde). Most of the monitoring accomplished on the initial survey is 
obtained using direct-reading instruments where possible because they provide 
results: on-the-spot. Any, deficiencies noted can be corrected and re¬ 
evaluated. Trace concentrations of hundreds of compounds could be identified 
depending on the extent of the sampling and analytical effort; however, the 
concentrations usually de tec ted would not be expected to cause adverse health 1 
effects in a normal healthy individual. Other techniques which I will now 
discuss have been consistently more useful. 


Evaluating KVAC Systems --HVAC systems can be complicated and most 
industrial hygienists have received very little or no training in the design, 
maintenance and trouble - shooting of building ventilation systems . The most 
important aspect of evaluating KVAC systems is to gain, an understanding of how 
they are supposed to be working and then use some relatively simple methods to 
convince yourself that the system Is performing up to the design 
specifications, and whether this is adequate with respect to the complaint 
areas in the: building, return to the complaint area(s) and measure supply and' 
return air flow's using either a velometer or a flow hood and compare the 
results to the design quantities. Note that in variable-air-volume (VAV) 
systems the supply air flow’s may vary during the day. 


A method which is gaining popularity, and which is currently used by 
KIOSK for evaluating the adequacy of ventilation to an area is the measurement 
of C02 concentrations. Humans expire significant quantities of C02 . The 
higher the C02 levels Inside a building, the poorer the overall ventilation 
in a: general sense. Ve believe that complaints will not be prevalent if 
Interior CD2 concentrations are maintained at twice or less the outdoor levels 
(usually 250-300 ppm). At C02 concentrations above 1000 ppm,, or 3 to 4 times 
the outdoor level, complaints of headaches tiredness, eye, nose and throat 
Irritation cay be more prevalent. It is important to realize that it Is not 
the C02 concentration that is causing the symptoms;; but,, if C02 increase, so 
may, all the other normal airborne contaminants and it may be some combination 
of all these substances that make people uncomfortable. Carbon dioxide 
measurement scan be obtained using standard detector tubes or portable C02 
monitoring instruments. The use of C02 as an Index of the general qua1ity. of 
indoor air is currently being evaluated by NIOSH as well as many other 
agencies. 
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Poor mixing of air Is another potential! problem sometimes found when air 
Is delivered and returned through ceiling diffusers. Standard smoke tubes, 
and temperature and C02 measurements at 1 foot and' 7 foot heights above the 
floor may be usefull techniques In evaluating stratification resulting from, 
poor mixing. 

Monitoring Temperature and Relative Humidity--Temperature too cold, too 
warm or fluctuating can be a source of complaints. While individuals vary in 
their limits of thermal comfortability;, if a significant number of workers in 
an area complain (more than 20%), then temperature and relative humidity may 
be creating an uncomfortable environment. If temperatures are too warm, 
complaints or tiredness, lack of concentration and headache may also be 
reported. Low relative humidities, not uncommon in the winter in a building 
or residence that is not humidified, can cause eye,. nose and throat 
irritation;. 

CLOSING CONFERENCE 

The closing conference of the initial site survey provides an 
opportunity to present the NI05H activities accomplished, any results obtained 
and recommendations on corrective actions if potential problems were 
identified. If no problems ware identified, recommendations may be made on 
how to continue studying the problem either on a self-help basis; or through 
continued NIOSH Involvement. Typical recommendations when we have: not 
identified a probable explanation for the reported symptoms would include the 
formulation of a more formalized method of reporting worker symptoms on a 
dally basis and the generation of HVAC data logs to provide evidence that the 
HVAC system is performing in a consistent manner over time. 

EVALUATION CRITERIA 

Evaluation criteria used to Interpret environmental measurements vary. 

In the classic industrial hygiene sense, the Occupational Safety and Health 
Administration's (OSHA), permissible limits (1 ] , the American Conference of 
Governmental Industrial Hygienists‘ (ACGIH) Threshold Limit Values [2], and 
KIOSK'S recommended exposure limits [3] are most commonly used in occupational 
exposure assessments. Because these criteria are based on health effects as 
they, pertain to the manufacturing environment, they may not have the same 
relevance for workers in an office setting, whose primary concern may be for 
comfort or simply an absence of unusual sensory stimuli over their working 
period. The Environmental Protection Agency (EPA) has ambient air quality 
standards, [A] for a variety of pollutants designed to protect the public over 
an entire dky (not just an 8-hour workday). However,, these, too, may not have 
relevance to an indoor office environment, especially from' the perspective of 
problem-solving. 

The American Society of Heating, Refrigerating and Air Conditioning 
Engineers,, Inc. (ASHRAE) guidelines for acceptable indoor air quality [l5] have 
been developed' for the indoor environment. Ve commonly use these as criteria 
in our office building evaluations, especially for assessing the performance 
of a ventilation system. We also use the ASHRAE comfort guidelines [6] as 
criteria for assessing the thermal performance of occupied space. 


Source: https://www.industrydocuments.ucsf.edu/docs/qtvjOOOO 


2024689120 


additional site assessments 


If the background assessment and the initial site visit identify a 
problea that need further definition, or if no problem can be isolated, an 
additional site sssetsaent say be performed. During the additional site 
assessuent, wore specific and extensive monitoring may be conducted for 
chemical and/or microbiological contaminants of interest. Sampling for 
airborne microbiological contaminant* is also outside of vhat is considered' s 
standard industrial hygiene technique. Useful techniques are still under 
evaluation* Methodology is available; however, analytical support is somewhat 
limited. Nevertheless, the topic of potential microbiological contamination 
usually cones up as an investigation progresses. Close visual inspection of 
the various HVAC components will usually uncover a microbiological problea if 
present. 

The condition most commonly associated with exposure to airborne 
organisms is hypersensitivity pneumonitis. This Is a general term for a 
disease which- occurs as a result of an immunologic inflammatory reaction to 
the inhalation- of any of a variety of organic dusts. Tents like humidif ier 
fever, ventilation pneumonitis, farmer's lung and cheese worker's lung are all 
the result of these exposures. Symptoms are usually described as a recurring 
" flu- like" syndrome. Diagnosis is based on a combination of characteristic 
symptoms, chest x-rays, pulmonary function abnormalities and some tines 
immunologic studies [7]. 

Inspection of the HVAC system and confirmation of the diagnoses of 
hypersensitivity pneumonitis among workers may be more useful than air 
sampling for airborne microorganisms until investigative techniques are 
further refined. 

DISCUSSION 

Through December 1988, 529 N10SH Indoor air quality health hazard 
evaluations have been completed (Table 1). These do not include our 
investigations of asbestos - in-building problems, but only those where the 
building occupants were actually experiencing ill health effects:. The number 
of inves cigar ions, has Increased markedly since 1979 1 . This is most probably 
due to a couple of factors; increased energy conservation measures and 
increased worker awareness of their office environment. Ve now average about 
two indoor air quality invest!gations per week. 



TABLE 1 



Commonl y, the symptoms And health complaints reported by the office 
workers are diverse and not specific: enough to readily identify the causative 
agent (Table 3). The workplace environment is implicated by the: fact that 
these symptoms normally disappear on weekends away from the office. At times, 
these symptoms can,be severe enough to result in missed work,reassignment, 
and 1 even termination. This causes increased anxiety among the workers and, 
often times, cakes the investigation of these problems even more difficult and 
frustrating. 
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TABLE 3 


COMMON HEALTH COKF1AINTS 


Eye Irritation 
Dry Throat 
Headache 
Fatigue 

Sinus Congestion 
Skin Irritation 


Shortness of Breath 

Cough 

Dizziness 

Nausea 

Sneezing 

Nose Irritation 


Although many of these problems may be multifactorial, ve have 
classified our evaluations by primary type of problem found: contamination 
from the building material (4%) microbiological contamination (5%); 
contamination from outside the building (10%); contamination from inside the 
building (15%)'; Inadequate ventilation (53%); and unknown (13%) (Table 4. ) 
There are some shortcomings to these data, however, in that they may not 
represent a 1 "true" cross -section of the indoor air quality problem as 
previously discussed. For example, ve have not used a standard protocol for 
all these evaluations,, as our methods and criteria have evolved with time and 
experience. Also, since many of these investigations were reviewed 
retrospectively,, there may be some misclassification due to the vagueness of 
earlier reports. Lastly, ve have little follow-up data on many of these 
evaluations to enable us to determine the efficacy of our recommendations[8]. 

TABLE 4 

NI05H INDOOR AIR: QUALITY INVESTIGATIONS 
BY PROBLEM TYPE (THROUGH' DECEMBER 1986); 


Problem Type_* 


Building Materials Contamination 

21 

4 

Microbiological Contamination 

27 

5 

Outside Contamination 

53 

10 

Inside Contamination 

80 

15 

Ventilation Inadequate 

280 

53 

Unknown 

-M 

_U 

Total':: 

529 

100 


BUILDING MATERIALS CONTAMINATION 

Contaminat ion from building materials and products was the major problem 
in 4% of our investigations. Formaldehyde can off-gas from urea - formaldehyde 
foami insulation, particle board, plywood,, and some glues and adhesives 
commonly used during construction. Other building fabric contamination 
problems encountered' included dermatitis resulting from fibrous glass, various 
organic solvents from glues and adhesives, and acetic acid' used as a curing 
agent in silicone caulking. 
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Ml CROBIOLOCI GAL COKTAM'I NAT I ON' 


Five percent of our investigations have involved some type of 
microbiological contamination. Even though' this Is not a common cause of 
office problems, it can result in a potentially severe condition known as 
hypersensitivity pneumonitis. This respiratory problem can be caused by 
bacteria, fungi, protoroa, and microbial products that may originate from 
ventilation system components. A similar condition known as humidifier fever, 
most commonly reported in Europe, is also a result of microbiological 
contamination in ventilation systems:. In our investigations, microbiological 
contamination has commonly resulted from water damage to carpets or 
furnishings, or standing water in ventilation system components. 

OUTSIDE CONTAMINATION 

Contamination from sources outside the office space was the major 
problem identified in 10% of our investigations. Problems due to motor 
vehicle exhaust, boiler gases, and previously exhausted air are essentially 
caused by re - entrainment, This is usually the result of improperly locked 
exhaust and intake vents or periodic changes In wind conditions. Other 
outside contamination problems include contaminants from' construction or 
renovation such as asphalt, solvents, and dusts. Also, gasoline fumes 
infiltrating the basement and/or sewage system can sometimes be a problem and 
are usually caused by gasoline leaks from ruptured underground tanks at nearby 
service stations. One of the most common sources of outside contamination has 
been carbon monoxide fumes from basement parking garages being recirculated 
through the building ventilation systea. 

INSIDE. CONTAMINATION: 

Contamination generated by sources inside the office space was the major 
problem identified in 15% of our investigations. Copying machines are often 
found to be a significant source. Examples of this type of problem would 
include methyl alcohol from spirit duplicators, butyl methacrylate from 
signature: machine and ammonia and acetic acid from blueprint copiers. Still 
other inside contamination problems ve have encountered include pesticides 
which were improperly applied; dermatitis from boiler additives such as 
die thyl e th;ano 1 amine ; improperly diluted cleaning agents such as rug shampoo; 
tobacco smoke of all types; combustion gases from sources common to cafeterias 
and laboratories; and cross-contamination from poorly ventilated 1 sources that 
leak into other air handling rones. 

Contaminants f roc inside or outside the office space, and from the 
building fabric are essentially chemical contaminants. Many times odors are: 
associated with some of these contaminants which may aid in source 
identification. Additionally, in most cases, these chemical contaminants were 
measured at levels above ambient but far below any existing occupational 
standard!. 
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INADEQUATE VENTILATION 


In 53% of our Investigations,, the building ventilation has brem 
inadequate. Vhen evaluating building ventilation, ve normally use ASHRAE 
standards Tor comparison. ASHRAE standards 62*1981, "Ventilation for 
Acceptable Indoor Air Quality" (ASHRAE 1981) and 55-1981, "Thermal 
Environmental Conditions for Human Occupancy* (ASHRAE 1981) are both used. 

Some of the ventilation problems we commonly encounter are: not enough 
outdoor air supplied to the office space; poor air distribution, and mixing 
which causes stratification, draftiness, and pressure differences between 
office spaces; temperature and humidity extremes of fluctuations (sometimes 
caused by poor air distribution); and air filtration problems caused by 
improper or no maintenance to the building ventilation system. In many cases , 
these ventilation problems are created or enhanced by certain energy 
conservation measures; These include reducing or eliminating outdoor air; 
reducing infiltration and exfiltration; lowering thermostats in winter, 
raising them in summer; eliminating humidification or dehumidification 
systems; and early shut - down and late start-up of ventilation systems. 

CONCLUSION 

The major problems identified 1 in these NIOSM indoor air quality 
investigations can be placed into three general categories listed with 
decreasing frequency: inadequate ventilation, chemical contamination, and, 
microbiological contamination'. Inadequate ventilation is the single largest 
problem ve have seen in buildings. Although varied, these ventilation 
problems commonly can allow, a build-up of any contaminants present in the 
occupied space to the point that adverse health effects are experienced or 
allow, the environment to become annoyingly uncomfortable to the office 
workers., As our experience increased over time, we developed a solution- 
oriented approach to conducting these evaluations which places a high priority 
on building ventilation. This approach has resulted in the best allocation of 
our resources and has allowed more efficient use of in-field as veil as 
analytical time. 

Increasing office worker awareness and the current shift to office- 
based, service - type employment: will no doubt increase concerns about the 
indoor air quality in offices and other non-Industrial settings. More 
research into office building ventilation and its effect on background levels 
of contaminants will' be necessary to provide additional and more appropriate 
guidelines for the evaluation and control of indoor air quality problems in' 
the future. 

Early recognition of a problem, with a timely and systematic evaluation, 
are key factors to a quick and effective resolution. 
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BUILDING PERFORMANCE 
DATABASE (STERLING, ET AL. ) 


I. INVESTIGATOR'S CONCLUSIONS FROM REPORTS CONTAINED IN THE 
BUILDING PERFORMANCE DATABASE _ 

SUSPECTED CAUSE IDENTIFIED NUMBER PERCENT 


VENTILATION CONTROL PROBLEM 
lack of outside air 
poor air distribution 
poor temperature control 
operational, deficiency 

159' 

39.0% 

VENTILATION INFILTRATION PROBLEM' 
reentry of exhaust fumes 
outside infiltration 

40 

10.0% 

INDOOR SOURCES 


28.1%: 

offgassing from building materials 

27 


printshops/duplicators 

17 


microbial 

14 


smoking 

12 


fibrous insulation 

8 


chemical storage 

6 


cleaning solvents 

6 


- pesticides 

5 


lighting 

5 


refrigerant spill 

4 


carpet shampoo 

4 


other (boilers, water leaks,, etc.) 

7 


STRESS 

12 

2.9% 

ERGONOMIC/WORKSTATION DESIGN 

5 

1.2 % 

UNDETERMINED CAUSE 

42 

10.2% 

NO PROBLEM IN BUILDING 

3 5 

8.6% 

TOTAL: 

408 

100.0% 


II. VENTILATION RELATED PROBLEMS 


"Ventilation Related'" inadequacies are the most commonly 
reported cause of problems in buildings. A differentiation can be 
made between problems of "control" and' "infiltration." 
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FOREWORD 


V 


Indoor air quality conservation and procedures for the measurement of related 
potential pollutants, such as radon, asbestos, gases, pesticides, tobacco smoke:and 
bacteria from air conditioning systems, have seen important changes in recent years, 
while the range and the scope of the studies have continued to expand. 

In addition to helping preserve public health, the field 1 of interest is now extending 
to include such areas as architectural design, ventilation: engineering, sociology, 
psychology and legal aspects. Related analytical techniques like gas chromatography 
and 1 mass spectroscopy have undergone parallel refinements and their range, of ap¬ 
plication has broadened. 

These advances were discussed 1 at the Conference ‘Present and Future of indoor 
Air Quality’, held in Brussels, February, 1989, following symposia on indoor air 
quality at Essen and Tokyo in 1987 and London in 1988. The sessions were attended 
by about 200 scientists representing 20 countries. A total' of 92 papers and posters 
were presented covering such topics as pathogenesis and epidemiology, sources of in¬ 
door air contamination and risk assessment, chemistry of indoor air related to the 
outdoor aiir quality, social and psychological aspects of poor indoor ait quality, 
motivation and attitudes, future guidelines for the improvement of indoor air quali¬ 
ty through architectural and ventilation design, and air quality monitoring. 

The proceedings include full texts and: posters: presented 1 during, the meeting. The 
organising committee hopes that they will constitute a useful guide for the improve¬ 
ment of our indoor air quality in the future. 
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INTRODUCTION 

An implicit objective cf the designers of modern office buildings 
is the creation of a "healthy" work environment, one in which 
building occupants are satisfied with indoor environmental 
conditions., However, since the 1970's,, it has become apparent that 
occupants of many buildings are not satisfied,, frequently reporting 
a' high prevalence of health and comfort complaints which they 
relate to their work environment. This dissatisfaction 1 has 
adversely effected productivity through higher absenteeism and: 
increased stress. This type of problem is commonly referred to as 
the "Sick Building; Syndrome". This syndrome was first recognized in 
Scandinavia in the early 1570's, and has subsequently been widely 
studied in, other countries of Western' Europe and in North America 
(1,2). The most commonly reported symptoms include eye, nose and 
throat irritation, headache, fatigue, nausea,, dizziness and skin 
rash or itchiness. In, addition, occupants of sick buildings: often 
report comfort problems such' as: a lack of fresh air,, stuffiness, 
inadequate temperature control and 1 unpleasant odours. 

A large number of investigations of sick buildings have now been 
conducted by government and private sector organizations. These 
past building investigations offer design professionals a vast 
quantity of valuable information about "mistakes" made in the past. 
Designers can learn how to create "healthy buildings" 1 in the future 
from the mistakes that have caused "sick buildings" in the past. 

A DATABASE OF PROBLEM BUILDINGS 

An information system, the Building! Performance Database (BPD) 
has been developed as a tool for building professionals and 
researchers. The BPD currently contains the results of 366 
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building investigations: conducted by both government agencies (such 
as, NXOSH: and Health andi Welfare Canada) and private sector 
organizations. The BPD is an on-line synthesis of a wide range of 
information collected by the investigators of sick buildings. The 
database includes bibliographic information about the investigators 
and their conclusions,, architectural and engineering data, and the 
results of air quality measurements, building system testing and 
surveys of occupant health and comfort. 

BPD is installed 1 on a mainframe computing system in Canada which 
can be accessed worldwide through existing communications networks. 
A more complete description of the analytical capabilities of the 
BPD has been presented elsewhere (3). 

PAST. "MISTAKES" 

The findings from past investigations can provide useful 
information, to design professionals as they plan future buildings. 
Knowledge about the causes of past occupant complaints can 
influence design decisions. 

Table One summarizes the conclusions from the 366 reports 
currently contained in the BPDi. Review of the data in BPD shows 
that in many cases, investigators may identify several factors 
which they feel had all contributed to the building related 
problems. Consequently, the table summarizes those factors which 
have been: reported' by investigators as contributing to building 
problems,. These factors include ventilation: related problems, 
specific indoor pollutants, stress and ergonomic design. Because 
investigators have frequently indentified more than one cause in a 
building, the total number of suspected causes in the table does 
not: equal the number of reports in 1 the BPD. This format differs 
from tables previously developed by HIOSH and Health and Welfare 
Canada (4,5,6), which' have reported one cause per building (i.e. 

400 investigations and 1 400 suspected causes), which may have 
oversimplified their results. As the objective of this paper is to 
provide designers with input into future design decisions, the 
table provides more detail on specific building problems than those 
of HIOSH and Health and Welfare Canada. 
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TABLE- I' 

INVESTIGATOR'S CONCLUSIONS FROM REPORTS CONTAINED IN THE BUILDING 
PERFORMANCE' DATABASE 


SUSPECTED CAUSE INDEN’TIFIED 


Percent 

VENTILATION CONTROL PROBLEM 

159 

39.01 


lack of outside air 
poor air distribution 
poor temperature control 
operational deficiency 


VENTILATION INFILTRATION PROBLEM 
— reentry of exhaust fumes 

outside infiltration 

40 

o 

o 

I'NDOORi SOURCES 


28.lt 

offgassing from building materials 

27 


printshops/duplicators 

17 


nicrobial 

14 


smoking, 

12 


fibrous: insulation 

8 


chemical storage 

6 


cleamingi solvents 

6 


pesticides 

5 


lighting 

5 


refrigerant, spill 

4 


carpet shampoo 

*-» 


- other (boilers , water leaks, etc.) 

7 


STRESS 

12 

2 .St 

ERG ON OMIC/WORKS TAT I ON DESIGN' 

5 

1.2 t 

UNDETERMINED 1 CAUSE 

42 

10.2V 

NO PROBLEM IN BUILDING 

3 5 

8 .6 1 


TOTAL 


■40 8 


10 0.0V 


ventilation Related Problems 

"Ventilation Related" inadequacies are the most commonly reported 
cause of problems in buildings. A differentiation can 1 be made 
between problems of "control" and "inf iltra non". 

Ventilation Control Problems '. In 39V of the cases contained in 
BPD, investigators found problems such as inadequate outside air 
supply, poor air distribution, poor temperature control, a lack of 
humidification, and various operational def icuncics (such as 
mechanical failure and poor maintenance practices). All of these 
causes are "control" problems within the mechanical systems, that 
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can often be corrected with fine tuning of the systems. Although 
not specifically stated in the report conclusions, ventilation 
control inadequacies probably contribute to other problems in 
buildings. For example,, in those reports where a specific indoor 
pollutant was cited as the suspected cause, e.g. offgassing of 
formaldehyde or smoking, the specific pollutant may have been 
removed from the building if the mechanical systems had been 
operating effectively. 

ventilation Infiltration Problems . In 10% of the investigations, 
the cause of building problems was contamination of the outside air 
supply, resulting from inappropriate location of an outside air 
intake. Investigators have identified two distinct causes of 
infiltration, problems. First, reentrainment of air exhausted from 
the building due to the close proximity of air intake and exhaust 
vents. Second, infiltration from external sources such as 
automobiles or industry due to improper location of outside air 
intakes, e.g. at street level on busy downtown streets, adjacent to 
loading zones or downwind from industrial plants. Designers of 
future buildings must make certain that outside air intakes are not 
located such that reentrainment or external infiltration can occur. 


Indoor 1 Sources 

Specific sources of indioor pollution were cited as the suspected 
causes of problems in 28.1V of the reports contained in B?D. The 
specific, sources 1 are identified in the table. The most commonly 
reportedf sources include offgassing from various building 
furnishings and finishing materials (20 reports), contamination 
from print shops, spirit duplicators and blueprint machines (17 
reports), and microbial contamination (14 reports)., Microbial 
contamination may partly also be considered "ventilation related", 
as problems have occurred as a result of the presence of standing 
water and dampness in HVAC system components. Smoking has been 
cited as contributory factor to building problems in 12 reports 
contained in BPD. Other identified sources include pesticides, 
insulation materials, carpet shampoo and leakage from boilers and 
water piping. 

S-trs^ 

In 12 investigations, stress was reported as a contributory 
factor to the building, related problems. In, these cases, 
investigators were unable to determine a physical cause. However, 
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negative occupant perceptions about the work environment was cited 1 
as the maim problem. Investigators of problem buildings must take 
care not to intensify occupant concerns by their presence in the 
building and "speculation" about building problems prior to final 
analysis. Recent research has suggested that the presence of 
investigators in a building may act as a psychological stressor, 
intensifying occupant belief that problems exist (7). Such 
problems; can be avoided with carefully designed and executed 
building evaluations. Standardized protocols for building, 
evaluations have been developed by several researchers (8,9). 

E rq'p pppl,c Design 

An important considle rat ion for interior designers is work station 
design. Although few investigators of sick buildings appear to 
have considered ergonomic factors, recent research has suggested, 
that VDT work station design is an important factor in occupant 
comfort for many white collar workers (10) . Poor work station 
design and/or interior layout ves cited as a suspected cause of 
building problems in five reports contained in BPD. 

Unidentified causes 

In 42 cases, investigators were unable to determine the cause of 
building related problems. All 1 environmental! parameters were 
"normal", and! mechanical systems were operating according' to 
established! standards. 

Problem, in 3u 11 diner 

In 35 cases, investigators concluded! that there was no problem: in' 
the building under investigation, i.e. no health hazard existed. 

In most of these cases, investigators were asked to evaluate the 
potential for building related problems, rather than responding to 
specific complaints. 

DISCUSSION 

A vast array of information ic now available to building design 
professionals and researchers, which identifies the probable 
reasons for occupant health and comfort complaints in modem office 
buildings. This information has been (and will continue to be) 
synthesized into a database information system, which may be 
accessed by building designers and engineers. 

Review of the findings of the investigations contained in this 
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database suggest that some of the problems that have plagued many 
sick buildings could have been avoided at the design stage. This 
is not to say that designers should be blamed for all sick building 
problems. A building may have been appropriately designed, but 
later actions by the building users has created the problem. For 
example as a result of energy conservation measures, alteration or 
the building without attention to the mechanical systems, 
overcrowding, poor upkeep and maintenance, or introduction of 
specific sources of pollution to the building. Whatever the cause 
of past problems in sick buildings, tools such as the BPD will be 
valuable in the efforts to design healthier work environments in 
the future, in which occupants will be more satisfied with their 
indoor environment and consequently more productive. 

One final word off: caution,. The creation off healthy buildings is 
not solely a design issue. Once a building has been properly 
designed, building operators and users should practice a 
preventative approach to ensure that the building stays healthy 
thcughout its life. The design stage should be viewed as the first 
stage of an ongoing process, termed "Building Commissioning", which 
continues to monitor the functional performance off building through' 
construction and occ:upancy 011,12);. 
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I ABSTRACT 

I The indoor environment of modern buildings,.especially those designed 

for commercial and administrative uses, constitute a unique ecological niche 
with its own biochemical environment, fauna and flora. Sophisticated con- 
I struction methods, new materials and!machinery required to maintain the 

! indoor environment of these enclosed structures produce a* large number of 

I chemical by-products and permit the growth of many different microor- 

. ganisms. Because modem office buildings are sealed, the regulation of 

humidification and temperature of ducted air presents a dilemma, since dif¬ 
ferent species of microorganisms flourish at different combinations of 
humidity and temperature. If the indoor environment of modem office build¬ 
ings is not properly maintained, the environment may become toxic to the 
, occupants’ health. Such buildings are classified as Sick Buildings. A review 

of the epidemiology of building illness is presented. The etiology of occupant 
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illnesses, sources of toxic substances, and possible methods of maintaining a 
safe indoor environment are described. 


INTRODUCTION: 

Disease: has always been strongly associated with the type and use of 
structures humans occupy. Food, drink, waste products and the presence of 
any other organic substances (including animals) harbor infectious or¬ 
ganisms. With the discoveries of the vectors by which infectious organisms 
invade a human host' have come innovations in building technology and 
mechanical appliances that cook, store and preserve food, eliminate human, 
waste, and help keep the indoor environment of a building reasonably free 
of harmful infectious agents. In addition although not recognized as a source 
for disease, are toxic chemicals found indoors. The link between the by¬ 
products of combustion of biomass materials burned indoors (such as wood, 
coal, and later on, kerosene and natural gas) and subsequent chronic disease 
was not recognized until relatively recently. In general, while the type of 
structure in which people lived and'Worked may have had a profound in¬ 
fluence on their: health, specific antecedents of disease were not so much re¬ 
lated 1 to a structure of a building as to a specific point source within the 
structure (e.g., wastes, storage of food, fires used for heating or cooking). 

At the start,of the twentieth century,,a new. type of structure became 
prominent; that of a large public building devoted to commercial or ad¬ 
ministrative uses. Asthese buildings grew in size they created'a uniquely new 
environment plagued with problems, primarily because of the great volume 
of air they enclbsed.Iln addition, the by-products of the machinery required, 
to make these buildings function also created problems. The requirements 
of air intake, heating, cooling and distribution, and elimination of by-products 
of human occupation and machinery created 1 needs for massive ducting 
throughout the full height of the structures, which led to demands for build¬ 
ing designs that were large enough to accommodate the machinery neces¬ 
sary to make human, occupation possible. (These included the seldom 
mentioned flush toilets, wiihoutwhichi skyscrapers would be uninhabitable.). 
However, the main criteria of these early buildings was no; so much to 
eliminate pollutants created inside the building but to prevent infiltration of 
pollutants from outside. This was especially true for soot from burning coal 
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used for industrial plants and residences. Initially, attempts were made to 
regulate the indoor climate by warming and clbaning intake air and then 
ducting it throughout the building. Outstanding examples of this new tech¬ 
nology are the Royal Victoria Hospital in Belfast, built in 1903, and'lhe Larkin, 
Administration Bbilding in Buff alb, New York, built in 1906. From these 
pioneering efforts came the idea that to condition the indoor environment' 
of a large building and to remove some of the sources of discomforts com¬ 
ing from outdoors, well tempered air must be provided indoors. These ini¬ 
tial attempts were further supported by the desire to eliminate the wells for 
lighting and ventilating the inside of buildings. These wells occupied space 
that could more profitably be used in commercial buildings for additional 
office space. 

I,t took the first half of the twentieth century to learn how to supplypower 
to, and maintain'these large office buildings. However, starting in the late 
1'960's, the buildings in the commercial districts of modern cities began to 
change. New buildings were erected! that were sealed 1 structures of great 
height that relied entirely on mechanical means to regulate their indoor, en¬ 
vironments. Buildings that used operable windows for ventilation and cir¬ 
culating steam.or hot water for heat were replaced by structures with ducted 
air that was centrally, heated or cooled. Advancements in chemistry made 
possible the. manufacturing, of entirely new fabrics that were, used to cover 
floors and walls, and construct furniture. Formaldehyde resins were used ex¬ 
tensively for particle boards from which furniture or wall panels were con¬ 
structed and in glues to affix carpets to the floors. A variety of machines were 
introduced, cf which perhaps the most important, from an epidemiological' 
perspective, are the photocopier and certain types of air conditioners. To 
clean the vast floor areas various carpet shampoos and industrial cleaners 
were used that sometimes left toxic residues. Filters were used to clean the 
air circulated by means of the ducting systems. At the same rime, however, 
these Alters and duct systems became breeding grounds for various types of 
organisms (as were some carpets). In short, the modem buildings provided 
conditions to create a complex ecolbgical niche that became a possible source 
for human disease. 

CAUSES OF BUILDING ILLNESS 

Since the early 1970's, occupants of hundreds of modem sealed office 
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buildings throughout North America have reported similar health and com¬ 
fort complaints (Berghmd, 1984). These buildings axe commonly referred to 
as ’sick buildings" and the epidemic of complaints by the occupants of these 
buildings has been definediby the World Health Organization as ’Sick Build¬ 
ing Syndrome* {WHO, 1982); Sick buildings are identified by a very high 
prevalence of specific health symptoms among the occupants which include: 
headache, eye problems (irritated, sore, dry, itching, or watering eyes), nasal 
problems (stuffy', runny, or irritated nose), throat problems (dry, sore, or ir¬ 
ritated throat), chest problems (chest tightness, difficulty breathing), fatigue 
and lethargy (including sleepiness and weakness), skin abnormalities (dry; 
itchy, or irritated skin), and problems maintaining concentration, at work 
(Sterling, E, 1983; Hedge, 1964; Finnigan, 1984; Robertson, 11985). In four 
studies the incidence of "building illness" was foundito bc at least twice that 
in naturally ventilated buildings (Time/, 1983; Hedge, 1984; Finnigan, 1984; 
Robertson, 1985). It has also been suggested that other symptoms, such as 
skin rashes/irritation/dryness, nausea, dizziness,, and; respiratory problems 
(wheeze, shortness of breath, chest tightness) are characteristically more 
prevalent in sick buildings (WH0, 1983; StoMjk, 1974; Hawkins, 1985). Final¬ 
ly, there have been complaints in some buildings of increased spontaneous 
abortions. However, most of these complaints have been anecdotal, and be- 
cause of the difficulty of counting them, such abortions have not been verified. 

The effect of sick buildings on occupant health is demonstrated by the 
study of Sterling, E. and'Sterling, T. (1983) of a group of office workers who 
moved from an old fashionedibuildSng with window ventilation and lighting 
to a modern sealed structure. Absentee data were supplied for a period of 
one year before and seven months after the study group.moved into the new 
building. The percent of absent days was calculated for all staff members. 
The study group served as its own control, making possible the comparison 
of absentee prevalence before and after the move to the new enclosed struc¬ 
ture. Figure 1 shows the percentage of days absent for the study group begin¬ 
ning in August 1978 and ending in February 1980. The vertical solid line 
divides the graph into two parts, before and after the move. There is no trend 
in absenteeism before the move. Most weekly, absences were below 3% and 
there were no absences at all for 40% of the weeks. The dotted line is the 
line of best fit resulting from fitting a linear equation to the data 1 for the 
period of time prior to the move into the study building. The slope of this 
line is not significantly different from zero. The coefficient of:determination 
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(r ) between absentee rate and time is 0.03 and the correlation coefficient 
(r) is *0.17, indicating that no increasing (or significantly decreasing) trend 1 
is apparent 

The solid line is the line of best fit of the data for the period of time 
after the move. The positive slope of 2.66 approximates the linear trend of 
absentee rates per week in the study building during initial occupancy. The 
r 2 in this case is 0.53 and r is .73 (p < .01). This significant trend clearly shows 
that absenteeism was increasing after the move into the new building. 

Figure 2 details the striking difference in specific complaints in a cross 
group comparison between a study and control group: The control group oc- 
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taking appropriate measures. Such examples contribute important informa¬ 
tion of how to prevent building wide epidemics. 

In 1982 my associates and I started to create an archive of reports of 
studies of sick buildings ( Collett, 1987). This archive now contains reports of 
almost 500 building studies conducted in North America (the majority are 
located in the LLS)i These studies were completed by industrial! Hygienists 
and investigators working for the National Institute of Occupational Safety 
and Health (NJOSH) of the United States, the U.S. Center for Disease Con¬ 
trol, various municipal and state agencies, universities and other research 
centers. 

Here are some examples identified as contributing causes, of building 
illness: 


Formaldehyde: From insulation (Gunter, 1981', Fanniek, 1198:1) and offgasing 
from materials containing formaldehyde resins (Chrostek,,\98\\ Konopinski, 
1980; Coy, 1982). 


Industrial cleaners: From the residues of industrial carpet shampoos (Kreis, 
Robertson, 1980). 


Solvents: From fresh ink on checks in poorly ventilated areas ( Thobum , 
1981) and priming solvents ( Gunter; 1981). 


Perchloroethylene: From the duct work of a dry cleaner. The gas travelled 
above the ceiling to other stores in the same complex (Thobum,, 1981). 


Fiber GlassrDisseminated through the ventilation system (Kreis, 1981). 
Ozone: (Shoemaker, 1977; Gunter, 1981). 


Automobile exhaust: Entered through the ventilation inlets (Nudelman, 
1979; Leiderman, 1982). 


Photocopiers: From a hot oil process, use of methyl alcohol (Prior, 1981; 
Apol, 1981', Fannick, 1980; Chroslek, 1981). 
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The causes of sick building syndrome are very often unclear. Usually, 
however, ihc health symptoms in such holdings can be resolved by increas¬ 
ing the fresh air supply (Salisbury, 1981; McManus, 1985; Chip, 1985). 

A summary of what is known about specific causes of sick building 
syndrome was provided by the U.S. National CenlcT for Occupational Safety 
and Health (NtOSH) in 1984. The findings from 203 of NIOSH’s investiga¬ 
tions undertaken up to the end of 1983 were reviewed and tabulated by the 
Health Hazards Evaluation Branch of NIOSH (Melius, 1984). Of these 203 
studies,, 17.7% attributed the health symptoms to indoor air contamination 
(e.g., from sources such as industrial cleansers or photocopiers), 10.3% to 
outdoor air contamination (e.g., from misplaced air intake vents that would? 
draw gasoline fumes from garages or bus stations), 3.4% to building con¬ 
tamination (e.g., offgasing of formaldehyde from wall panels, gibes and resins 
in carpets, and furniture made from particle board), 40.3% to inadequate 
ventilation, 3% to hypersensitivity pneumonitis (often caused by the use of 
humidifiers), 2% to cigarette smoking, 4.4% to humidity, and 1% to noise 
and lighting. The remaining,10% of the studies did not find a cause for health: 
symptoms. A review by Health and Welfare Canada (/-Tri'C) of 94 building 
studies gave similar results ( Kirkbride , 1985). In this review, ,68% of the studies 
attributed the cause of health symptoms to inadequate ventilation (e.g., poor 
air circulation,, inadequate fresh air, intake,, and poor temperature and 
humidity control) 10% to outdoor contaminants (e.g., motor, vehicle exhaust 
entering the building), 5% to indoor contaminants (e.g.,,photocopy machines 
and tobacco smoke; the report does not state to what extent the cause of 
building illness was due to the use of copy machines or cigarette smoke), 2% 
to building gases (e.g., formaldehyde, organic glues and'adhesives), and the 
remaining 15% to unknown sources. (Because of present concerns with'smok- 
ing, all NIOSH and HWC studies paid special attention to smoking as a pos¬ 
sible cause of sick buildings. It is of interest, therefore, that smoking was said, 
to be a major cause of complaint only in 2% to 5% of the sick building in¬ 
vestigations. Removing the smoker entirely, them may not affect health,and 
comfort problems in 95% to 98% of sick buildings.): 
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BIOCHEMICAL SUBSTANCES 
IN MODERN BUILDINGS 

A wide range of substances have been measured inside modem office 
buildings. Some of these substances are known, and others are thought to be 
associated with various diseases. A summary of the measured substances was 
compiled by the U.S. Environmental Protection Agency and published in the 
Environment Protection Agency Indoor Air Quality, Implementation Plan 
(1987) under the title "Common Indoor Pollutants,Their Sources and Known 
Health Effects" ( EPA , 1987). (Because of its importance, this list is included 
as an APPENDIX.) 

In summary, the EPA table lists 73 common indoor pollutants that are 
known to be toxic, although not necessarily at the level of concentration found 
inmost buildings. Of these 73 substances, 38 are attributable to building com¬ 
ponents and 1 appliances, 26 by the evaporation of drinking water, 17 by out¬ 
door air, 16 by products used for cleaning and maintenance, 12 by tobacco 
smoke, and 9 by vehicles exhaust trapped in garages. Tobacco smoke was 
singled out by the Environmental Protection Agency because of its visibility. 
However, with the exception of nicotine and nicotine derivatives, almost all 
of the substances from'tobacco: smoke are also derived from a number of 
other sources. For example, carbon monoxide (CO), besides being present 
in tobacco smoke, is usually present in much greater quantities, or produced 
by, H'VAC systems,, garages, outdoor air and gas stoves; styrine also comes, 
from furnishings and drinkingwater; benzene from, garages and drinking 
water; methyl chlbride from drinking: water, pyridine from outdoor air;, 
acetone from cleaners, waxes, adhesives, cosmetics and outdoor air; aero!ine 
from the combustion of various prodbets (as are other substances such as 
formaldehyde or respirable panicles); benzo(a)pyrenc from automobile ex¬ 
haust and i drinking water; and analine is a by-product from various activities. 
Sources, other than tobacco, are not given for methylarru'ne and hydrazine. 
(This maybe a result of too few measurements available for these two sub¬ 
stances, rather than a real absence of these substances from the combustion 
of materials other than 1 tobacco.) 

In summary, the EPA list demonstrates that there are multiple sources 
for many chemicals and substances known, or thought, to be toxic. Because 
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there are so many alternative sources for most substances found in a build¬ 
ing, the best method to deal with indoor exposure to biochemicals is to dilute 
j them by adding an>adequate amount of fresh air. 

THE INDOOR ECOLOGY 

4 

A general rule of ecology is that every spot capable of supporting life 
will be occupied by some form of life. This is just as true for the indoor en¬ 
vironment as it is for the Arctic-Tundra. Countless substances, necessary to 
sustain life, are found indoors, especially in the ducts and ventilation system 
of a building and in all places where moisture may gather. Dusts, much of 
which contain both the staff: of life and microbial and viral life itself, arc 
brought into buildings through,fresh air intake and on the clothing, hair and 
skin of building occupants and visitors. Some of the microorganisms can cause 
violent physiological reactions in humans. 

Perhaps the best known example of the possible virulence of indoor 
i microbial life is Legionnaires’ Disease. Legionnaires' Disease, named after 

an explosive outbreak of pneumonia in a group of Legionnaires attending 
an American Legion convention in Philadelphia in IP76, is a pneumonia-like 
reaction to the Legionella Pneumonphilie bacterium. The bacterium requires 
the presence of certain algae, which usually grow in cooling towers at specific 
temperatures^ for growth (Fraser, 1977). Por.tiac Fever, named after a health 
! department building in Pontiac, Michigan, U.S., in which the syndrome was 

first described, is a strain of Legionnaires’ Disease (Kaufman, 1981). Recur- 
I rences of Legionnaires' Disease and Pontiac Fever are documented from. 

!' time to time, very often in hospitals, and are always connected with poor 

maintenance of cooling towers (Friedman, 1987; Carbe, 1985; Con we£( 1982; 

'• Kaufmann, 1981; Fisher-Hock, 1981). 

j Legionnaires’ Disease, however, is just the tip of the iceberg. There are 

!, many places in a building in which infectious organisms (bacteria, viruses, 

fungi; miles) and pollen may flourish. As an example, my associates and 1 
: reported allergic and infectious reactions caused by humidifier contaminants 

(Arundel, 1986, see TABLE 1). In general, organic materials will flourish at 
| all levels of relative humidity. Figure 3 describes the relationship between 


88 

2024689157 



Source: https://www.industrydocuments.ucsf.edu/docs/qtvjOOOO 








Off 


1 
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the humidity Mid growth of various types ofbacteria, viruses, fungi, and miles, 
re spiral Dry infections, atopic reactions, chemical interactions, and ozone 
production- As one can see from this figure, the growth of organic materials, 
is minimized if the relative humidity in a building is maintained between 409c 
and 609c. 










CONCLUSION 


Modern office and public buildings create an indoor environ 
is poorly understood and may be exceedingly hostile to occupant! 
hazards are clearly recognized. Because of the multiplicity of ha 
the chain of events that lead to physiological reactions in huma; 
laminated indoor environments, no single and/or simple solution^ 
able. Adequate attention to ventilation and fresh air supply will cl: 
minimize many of the eye, throat, nose, and/or skin irritations ' 
chemicals in the air by diluting them to a safe Ifcvel. However, inso" 
door air contains a large number of toxic pollutants, it should be A 
a well ventilated building may only be able to maintain outdooP' 
cleanliness; 

There are some instances,, however, in which modem tcchr.* n 
improve and maintain the cleanliness of indoor air as compared v or 
air. For instance, adequate filtering systems may, remove much cP sV 
found outdoors and air conditioning and heating systems can f° r 
climatic conditions. These technologies, however, need to be appl^h a 
full understiandingofthe possible effect that application might have r ^ n 
health. For example, whiiic filters will remove unwanted dusts and z ^ c 
particles from the outdoor air, such filters also offer a medium P^ 1 ^ 
for a variety of bacteria and other infectious agents;. Therefore, ful t*c>uld 
be changed very frequently; which is a building maimenance expens^^ r ' 
ly, aerosols from'cooling towers need to be kept away fromTrcsh stakes 
in buildings. This requires careful planning in, the placement ofst ati 
vents. (In addition, fresh air intake vents should! not be plactd n.' street 
level or garages where they will take in exhaust from motor ve^ ani ex^ 
haust vents). | 

Finally a working relationship needs to be established fcf^cenbudd¬ 
ing engineers, architects, and epidemiologists. For instanced dying a 
building with my associate, Ella Sterling (architect), we foun^at the high 
absentee rate and prevalence of irritation complaints was cauBd by the for¬ 
mation of indoor smog. A large amount of air w*as passed over high ultraviolet 
producing lighting fixtures. The impact of the high level of ultraviolet 0^ 
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light.oathe airi stream was similar to that of the sun 1 on outdoor pollutants. 
Ultraviolet light is a cause of outdoor smog in such cities as San Francisco 
or Los Angeles. Similar UV emissions can cause the formation of smog in¬ 
doors. We learned from this particular building that ai.T vents should not be 
constructed to serve as lighting fixtures and high UV sunlight simulating 
fluorescent lighting should not be u&ed (Sterling, E~ <£ Sterling, T. 1983). We 
also learned that the epidemiology of sick buildings requires a multidiscipli¬ 
nary approach that should include architects, industrial hygienists and ven¬ 
tilation engineers. 
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INDOOR AIR QUALITY INVESTIGATIONS 
MEDICAL SERVICES BRANCH (CANADA) 
1984 


I. PROBLEM' TYPE FOUND 


1. Inadequate Ventilation 

Poor Air Circulation' 

Inadequate Outdoor Air 
(C0 2 >800 PPM) 

Poor Temperature/ 

Humidity Control 

2. Outdoor Contaminant 

Reentry of Building Exhaust 
Motor Vehicle Exhaust 
3 . Indoor. Contaminant 
Copy Machines 
- Tobacco Smoke 
4.. Building Fabric 

Blues and Adhesives 
Formaldehyde and Organics 

5. Biological Contaminants 

6 . No Problemi Identified 

TOTAL 


BUILDING INVESTIGATIONS 


Number 


% 


64 


68 


10 


0 

11 

94 


0 

15 

100 


104.67786' 
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Banter, Bien-^r t %ocn' 
Cantdfe 
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The Occupational Health and Safety 
Department of the Human resource* Division 
Ottawa Civic hospital 
October 24, 1985 


SICK BU1 LX)I PC EfKDROKZ: 


CAUSES AND ETTKCTS 


John KirAbride, MLB., M.Be. 
Director 

Occupations 1 Health Dn.it 
Kedica1 Services Branch 
Health and Welfare Canada 
du Chardon Street 
Tunney * s Pasture 
OTTAWA, Ontario 
K1A Ob3 
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SICK Bin LD.J'KG SYNDROME : 


CAUSES AND EFFECTS 


Si cX Building Syndrome can be broken down' into three 
»ub-categories — Tight Building Syndrome, Humidifier 
Fever and Legionnaire Disease. 

I will spend most of jny time this morning on Tight 
Building Syndrome. 

What is a Tight Building? The definition is arbitrary, 
practical, and loose. 

There are buildings which meet these criteria in 
which one can see through gaps between walls and window 
frames. Paradoxically, some buildings with tight building 
envelopes - energy efficient residences, for example 
- d'o not meet the criteria, since the occupants are able 
to control the ventilation system., 

The health effects that make up. Tight. Building Syndrome: 

Few researchers would disagree with this list. However, 
there may be some debate as to whether these are health 
effects or comfort factors. 1s eye irritation an illness? 

Is headache that clears up on leaving the building an 
illness? Is fatigue an illness? One can argue either 
case. The point, is not entirely academic, since in real 
life employees are generally asked to contact health 
service staff about health problems, and building mainte¬ 
nance staff about comfort problems ... 


n 
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You will alto note that rot t of the lit ted symptoms 
are rather vague and tubjective, and therefore very diffi¬ 
cult to measure in a consistent way. Vague and subjective 
the symptoms may be, yet the syndrome is striking and 
convincing,, and a time-consuming problem to those of 
u:s' who have responsibilities in the fields: of occupational 
and environmental health. You will also note that a 
number of these symptoms are attributable to tobacco 
smoke,, a near universal contaminant of office buildings. 
Until the last few years, tobacco smoke has been looked 
upon as a normal inoccuous component of indoor air. 

X will return to tobacco smoke, and some other contaminants. 


shortly. 


Kany organizations in many countries have investigated 
Tight Building Syndrome. The problem was first described 
in Scandinavia in, the early nineteen seventies. By 197S, 
it was being frequently described in North America. 

An American 1 agency that has conducted large numbers 
of fairly detailed investigations is N10SH (the National 
Institute of Occupational Safety and Health). Health 
and Welfare Canada experience is similar to that of RIQSH. 


TABLE A 
TABLE 5 


The causes of Tiiaht Building, Syndrome 

First, let »e mention a non-cause: lack of oxygen. 

1 can say with confidence that the oxygen level in this 
building, and in virtually every office building in Canada 

... / 3 
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today it 2 11. My 1 organization no longer measures oxygen 
levels when investigating office buildings with air quality 
problems. 

TABLE 7. 

Pol lutants TABLE 8. 

Let me review tome of the pollutants that may be TABLE 9. 

contributory; and let me say in advance that in practice 
the search for pollutants is usually - not always - 
unrewarding. With, one notable exception:, tobacco smoke. 

Host investigators and researchers will agree that this 
is the most important single pollutant in the air of 
office buildings. 

Garb on m o n o x ,1 d e 

Major indoor sources (unvested gas stoves, heaters:, 
etc.) are not usually a problem in office buildings. 

Motor vehicle emissions, can sometimes enter a building 
- from an attached parking garage, for example. 

% 

CO generated by cigarettes would not usually result 
in indoor levels exceeding industrial standards, although 
this can occur in small meeting rooms containing numerous 
smokers. 

Formaldehyde 

Measured levels in office buildings infrequently 
exceed the Canadian residential standard of 0.1 ppm. 

Formaldehyde is a common component of several types of 
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condensate on-type synthetic resins (e.g. phenol formaldehyde, 
melamine-formaldehyde, urea formaldehyde.) Uiea formaldehyde 
resin is used in plywood (adhesive) and particle board 
(binder). Coated paper, floor coverings end fabrics 
can contains formaldehyde. 

Carbon dioxide 

Product of combustion and human metabolism. Outdoor - 
levels typically 32D ppm. Office levels typically £00 ppm, 
depending on quality of ventilation and density of occupant s. 
CG>2 is measured as a proxy of the quality of ventilation. 

02 one 

A power oxi direr, and reactive pollutant. The dominant 
source is the outdoor air, formed by photochemical reaction. 
Indoor sources are unusual e.g. electrostatic air cleaners, 
electric motors, photocopiers. 

Ventilation factors as a cause of Tight. Building Syndrome 
From a previous slide (Slide 5), you villi remember 
that in the experience of HI OSH, in about SOX of the 
buildings investigated, the problems were attributed 
to faulty ventilation, temperature, and humidity. bet 
us look at some standards for temperature and humidity: 

These standards may be set for a floor of a building, 
yet there may still be local problems, crested for example 
by room dividers which restrict airflow. 

Temperature and humidity problems are relatively 
common!. 

... /5 
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Psychol osical factors 

These, can be very important. 

The occupant is aware that he is the best sensor 
in a building - better able to integrate environmental 
information than thermometers or hygrometer* or airflow 
meters... Yet he does not have the control over the ventilation 
aystem that these instruments may have. The only method 
left open to him is to express his dissatisfaction to 
the people who have access to the controls. If these 
complaints do not produce improvement, the occupant feels 
out of control, and can become increasingly irritated 
by these conditions and increasingly sensitive to them. 

We must alto bear in mind that ventilation systems are 
increasingly complex, and that in a large building only 
the designer may fully understand them. In other words, 
maintenance staff may not be in full control of the system. 


HUMIDIFIER FEVER 

Humidifier fever is an allergic illness. The picture 
is that of a mild flu* like illness - chills, fever, 
breathlessness, typically on Mondays on returning to 
work. 

Humidifer fever is a type of extrinsic allergic 
Alveolitis - comparable to farmers lung. 

The cause: microorganisms in the humidifying system TABLE 11 
- bacteria, fungi, protozoa and thermophilic actinomycetes . 

... /6 
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LEGIONNAIRES DISEASE 

You may remember the episode of 19 76 , at the' Bellevue: 
Stratford Hotel in Philadelphia. There were 182 caret 
of pneumonia-like illness, including 29 deaths, in partici¬ 
pants at the annual convention of the American Legion. 

The diagnosis was elusive. Sabotage, nickel carbonyl 
poisoning,, swine flu, were all suspected, then rejected. 
Eighteem months later the Centres for Disease Control 
in the USA isolated and identified Legionella pneumophi1ia 
(a bacterium). (The final solution at the Bellevue Stratford 
hotel was truly final: the hotel was demolished.) 


Spread of Legionella in humans : by aerosol from contaminated 
water systems (e. g. shower heads). Person to person 
spread has not been described. 

How frequent is Legionnaires Disease? 

In the USA, in the f irst f our months of 19 8 S, 190 
cases were notified. This compares with 102 cases of 
typhoid, or 982 cases of measles during the same time 
period. 


Other aspects of Legionella are disturbing: 
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TABLE 17. 
TABLE 13. 
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lung cancer 

This disease it important enough to merit discussion 
in the context of building associated illness. 

When I reviewed some building pollutants, I included TABLE 14 * 
radon, asbestos, and secondary cigarette smoke. These 
agents are all human carcinogens, and can cause lung 
cancer as well as some other cancers. 

Radon is generally present in much, lower levels 
in office buildings than in residences., Therefore I 
will not consider it further. 

Asbestos is, often encountered in building materials, 
and I would be surprised if this building was an exception. 

2 would also predict that if we were to attempt to measure 
asbestos in the air of this room it would not be in present 
in detectable quantities. Asbestos does not present, 
a significant, health problem in buildings unless it is 
dar.aged ,, a 11 ow,ing fibres to enter the air. 

With regard to secondary tobacco smoke , the evidence 
from a number of epidemiologica 1 studies has been steadily 
accumulating since 1979. The weight of scientific evidence 
strongly suggests that secondary tobacco smoke in the 
workplace is responsible for a significant number of 


lung cancers - somewhere between 300 and 500 lung cancer 
deaths per year in Canada. f 

In conclusion, let me summarize the causes and effects 
of: Sick Building Syndrome: 


TABLE 15. 
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sick mum6 miM 

1 . TI6HT BuiLDJNt SYNDROME 

2 . Hum bi f it r Fever 

(a» INFLUENZA - LIRE ILtiNE.lt)' 

3. L E C 1 0 M N,A IRES BltEA.SE 
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pmumo* OF T16HT milM 


Larce Buildik6 


Forced Vertilation 


Oc cur arts Carnot Open Vi kdors 
or Control Ora Ventilation 


Usually Her or Rerly Renovated 
Buildiks 
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HEALTH EFFECT? OF T15HT liOULLgi-^liMML 

Eye Irritation 

Headache 

Odor 

Sciii Irritation/Rash 
Sinus Consesti ox 
Couch 

Sore Throat 
Shortness of Breath 
Arnorhal Taste 

0) ZZ I NESS 

Fat i sue 
Nausea 

Vheezimc and Hypersensitivity 
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■umber X 


Poor Y,e*t j lat io n . Thermal Comfort, or Humidity 


CONTAMIMARTS FROM 1 MS IDE THE BulLDlAG 

(Copiers, Tobacco Smoke, etc.) 

CONTAMIRANTS FROM OUTSIDE THE BulLDlAG 

(Hotor Vehicle Exhaust, etc.) 


Buildjrg Fabric Coat am iaatior 
(fibreglass, formaldehyde, glues, etc.) 


B I O L O GI CAL Cor T AMI RAT I OR 


Hit CELLAR E OU S OR U R DC TERM I'M E D 


19 10 
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INDOOR AIR 6 UAL ITY liHYE.ST.TGAT f O'KS 
MEDICAL SERVICES BRANCH 
198 4 



Bumber X 


1. Iradeouate Yertilatj or 64 68 

- POOR AIR CIRCULATION 

- INA DEO U ATE OUTDOOR AIR 

(cop >■ 800 rrn ) 

- POOR temperature/ 

HUMIDITY CONTROL 

2. Outdoor Contaminant 9 10 

- REENTRY OF BUILDERS EXHAUST 

- MOTOR VEHICLE EXHAUST 

3. Indoor Contaminant 5 5 

- COPT MACHINES 

- TOBACCO SMOKE 

A. BuI’Ldinc Fabric 2 2 

- BLUES AND ADHESIVES 

- FORMALDEHYDE AND OR SAN ICS 

5. Bioloci cal Contaminants 0 o 

6. *0 PROBLEM IDENTIFIED 

TOTAL: 
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CAUSES PF T 16 HT BLILM 1 & SlEIMfll 


1. Pollutants 


2. Ventilation Factors: 


- Temperature 

- HiumidITT 

- Airflow 


5. Pi tchouocical Factors 
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mimm 


turn muMJ&L 

Typical office level*: 0.5 - 5 rr« 

Industrial standard: 55 - 50 ppm 

Ambient air standard: 9 ppm 

Formaldehyde 

OFF I rare in federal office bu j ldinss 
Bore important sources: 

Carpet bachrc, fabrics, insulation, particle board; 

SMALL AMOUNTS FROM TOBACCO SMOKE 

Typical office levels: less than 0.1 ppm 

Residential standard (Canada): 0.1 ppm 
Industrial standard: 1 ppm 

Radon 

Rot a problem in office buildincs 
Does mot sive rise to acute symptoms 

Askstqs 

Rot usually a problem umil ess dam ace d on disturbed 
Does not sive rise to acute symptoms 
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Llllm pipxipe 

Trr jcal cut poor levels 

TYPICAL INDOOR LEVELS: 

Industrial standard: 


as out 330 ppm 

At out 600 - 1000 ppm 

5000' rtn 


M°*I 

Typical outdoor level: 0 - 40 rrt 
Typical indoor level: 0 - 20 ppb 
Industrial standard: 100 pp* 


V'l *11 JL Q.R S. * N | S H S (BACTERIA, F U N SAL SPORES, A.H O E B A E , PROTOZOA,. 

■ ENAT ODES) 


Mo standards 


Standard: acceptability to panel of observers. 

I E S AT I'VE I O N S 

Mo ACCEPTABLE SCIENTIFIC EVIDENCE TO SUtSEST THAT THEY 
AFFECT COMFORT OR HEALTH. 

Photochemical bmps 

Am IN SERIOUS HYPOTHESIS 
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Ioxacxo mott 


Car*or Koxoxj ni 


Forraldehyde 


Odors 


YI AXLE OXCAR I%nS? 
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PUBLIC WORES CAW ADA STAMPARDS 


Acceptable Indoor Temperature Rarse I9°C 


Acceptable Humidity Rarse 


201 - 


- 2S°C 


601 
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A Mill! CITY HOSPITAL, 198? 


12 CASES OF LECIORRAtRES D MEAtE OCCURRED 
IR HOSPITAL (rOSOCOMIAL IRFECTtOR) 


Water samples from 38 faucets (ir rooms):: 
301 POSITIVE FOR LESJORELLA 


Rot rate* tarks: 

1 OUT OF 2 POSITIVE 
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5* DOMESTIC HATER HEATERS HERE EXAMINED 


Electric hater heaters: 11 out of 37 positive for Lesionella 


Oil or sas hater heaters: 0 out of 17 positive for Lesionella 
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SICK BUILDTW6 STH PR OWF ; SUHWAfrY 


■E jLL L m . 

Sick build i n s syndrome encompasses: Tisht Bu j ldins Syndrome 

Humidifier Fever 
Lesionnairei Disease 


Causes 

Pollutants - chemical (l rclueinc some c ar c:i nose ns ) 

- B I0L06I CAL AVERT S: 

Ventilation, temperature, humidity problems 

Pi YCMOLOCI CAL FACTORS 
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ACVA DATABASE (ROBERTSON) 


I. ACVA SYSTEMS EXPERIENCE — 1981 TO 1.9.87, POLLUTANTS 


Total building studies 223 
Number of square feet 39,000,000 
Estimated number of occupants 225,000 


Summary of most significant pollutants found: 

Major Pollutants in Air % of Buildings 


Allergenic Fungi 34 
Allergenic or pathogenic bacteria 9 
Glass fiber particles 7 
Tobacco smoke 4 
Carbon monoxide (vehicles): 3 
Miscellaneous gases 2 


The fact is that the accumulation of many pollutants is 


itself a symptom of a more serious problem — a problem of inade¬ 
quate ventilation. Medicine teaches us that treating; the symptoms 
simply does not work, one has to go after the cause of the problem!. 


II. SICK BUILDING SYNDROME CAUSES — ACVA EXPERIENCE 

Sample Buildings.: 22 3 

totalling 39,000,000 square feet 

Period: 1981-1987 


( 1 ) Poor Ventilation 

No fresh air 35% 
Inadequate fresh air 64% 
Poor distribution of air 46% 

(2) Poor Filtration , 

Low filter efficiency 57% 
Poor design 44% 
Poor installation 13% 
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(3) Contaminated Systems 


10467766 


Excessively dirty ductwork 
Condensate trays 
Humidifiers 


- 2 ~ 


3 8 % 
63% 
16% 
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SOURCE, NATURE AND SYMPTOMOLOGY OF INDOOR AIR 

POIXUTANTS 

GJtabertaoe 

ACVA Ad^odc lac, H371 D>m mmncj L e e * . Fairfax. VA ZMOG, USA 


UmCDUCTION 

ACVA. Atlantic Inc. ape ;cl la II'see In the *,turfy of indoor air pollution. 
S Inc* vi ejitabllshad. ACVA In 19*1., v« hsv* pioneered • mil tl-disciplined 
approach to th« itrv»iti jaition of Internal pollution. Irr*'«iStTx*&oTS include 
chesisca;, *ic,T,o.bloloji*c», and air conditioning enjlneers -- three disciplines 
unused to worklnj. as * team Our client list include* nuairoui fovimotnt 
af*n'c:l!tit;; »ult,I -na tional c o*p # n I * » In insurance * f Inane* . industry, bankinx . 
and property *jtns£*a*nt; cslUeigieit, school*:,, and nu»*rou» hospitals:. Host of 
our cl lanes new not only ask u* to examine other buildings that they own, but 
also enter loco long tern eontriGts of rajulsr *onlcoring and preventive 
Maintenance. In tact, as cf March, 1,981.,, v* have now acurfied 1 the indoor air 
quality of ov*r 42: nilliem aquar* f»»t of property., 

IKDOOR tOHJJ TAhTiS - THE SOURCES 

Virtually. • vary thin J v* ua* In.the interior shads iobi particular** and/cr 
inti. Vh«n a building: 1* new, io»« compounds are xf v#n quickly and socn 

disappear. Other* continue *©ff-x»aslng“ at a slow pact fox y«»rs. Cotton, 
office supplies and equipment’ have b»tn found to: release dangerous chemicals* 
especially dupl'le* tor t and copier* and w* have »v*n found f onu 1 d*hyd* being 
released'' from bulk paper store*:.. 

People i *1 v,*is air* a ailor contributor sine* each' person shads 

literally a ill ictus of' particle*:,.. priiaarily akin, seal**., per Minute. Many of: 
these scales carry. Microbes but fortunately eh* vast bulk of these Microbe* are 
short lived and harmless. 

Clothing. fumllsihiings, draperies, carpets, ate. contribute fibers and 
©Cher fra pmu. C.lear.lhx pro:c : sweeping. vacuuming, dusting, etc, 

noroally riacvi the larger partic la*,, but often Increase: the airborne 
concentrations of the: *m* 1.1*it partlclleis. Cooking:. broiling., grilling, pi and 
oil burning., sacking:, coal and wood fires also generated vasit numbers of 
a.iT.b.o:m# par r.i cullat *», vapors, and tame;*. If the window* end doors are closed 
all 1 of these; can only, sccurjli cs in: that lntinul envir onme nt, 

IKDDOR rOHUTANTTS -- THE TTTES 


Thera air* many type* of indoor pollutant a. gases, vapors, dust*:, fibers, 
and vi able and non* ■viable »Lcroorganie»s, *©»# of the acre coamon one a are 

described beltrw . 
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Thar* are *TigiU*b.ly, the widest rtitp of pollutant* with litarslly thousands 
*f specific type* forcwvAtilj occurring in very dilute concentrations which art 
usually expressed ax part* psr million ©r par Milton. Host of theta are 
presumed te We safe at the wary lev levels encountered. although »©me ryrve rgism 
between dilfterwnt organics ©r »ome incidences of organic* •*sn*ititing* people 
to othtr pollutant* cannot be ruled out. Usually, the organic* are aori a 
problem in the typical how* than the office auvd concentrations In,the borne are 
usually higher than the office mainly due to lower air exchange rate*. 

U dcxi £u 

laden, a decay product of uranium, la present in, variable quantities in 
sell*. It *cv«i froa the soil by diffusion Into the soil’* air pocket* or Into 
soil water... Then the radon can migrate from the soil air through unwanted 
crawl apse s s, building foundation cracks, ate:, into the Indoor apace. (owe 
building aggregates, cinder block , etc;, alao contain radon and ©ut>g a'siting from, 
these material* add to the indoor air levels. In other cases radon, enter* a 
building ▼ i a the water supply,. lew* of this radon is Tel seised when there la 
turbulence of the water euch as a running, tap. It has Ween estimated by some 
riititchtri that anywhere fro* 10 to 15% of the average radon v* are exposed! to 
cddm fir©* such we ter. However, the general consensus is that the principal 
source of radon in building* undoubtedly is the soil gas. fcllutien by radon 
is far acri prevalent lln hoots than in office*, again mainly due; te the lower 
ai,r exchange rates in hoots plus the fact that homes have a larger area of 
exposure to soil relative to building volume and 1 aoil leakage area:. 


Carbon dloxldlt la produced by respiration and combusti'on, oxides of 
nitrogen and sulphur are combustion products: associated with gas stove*, ^wood, 
coal fiireis, and kerosene hea:t:t:r;s. Carbon monoxldk is tail tied fro»i unwanted 
kerosene heaters or wood stoves and lit frequently diffuses Into buildings fro* 
autoncbll# exhaust fuses generated in adjacent garages. Small I to trace 
quantities of each of these gaiswis: and other organics are present in cigarette 
•woke . 

Or one is another g»* that lie generated, usually in very, swell quantities, 
by »iscellaneous copying machines and by cartain electrostatic precipitators 
that are; used to clean up the air. In one specific esse that v,e studied, the 
maintenance staff of a hull idling' switched off the main air. supply fans over the 
w*»k*nd. but calttad 1 to switch, off the central electrostatic precipitators. 
Thus. oion* accumulated inside the air handlers end was subsequently deliver*4 
to the staff first: thing each Monday morning. When the fans were switched on 
this caused e sewer*:, though temporary, period of discomfort to the people 
working in the area* Involved. 


frlor to IV7 3. asbestos was the material ef choice for f It*'- proofing:, 
thermal insulation, and eound Insulation. lit was uaieid as a *:pr,ay * on insulation 
of ceilings and steal glrdir*::; *i • thermal lnjullrt.Iien of boilers, pipe* 1 , 
duct*;, allr, conditioning unit*, etc.; as mn aibras lion resistant filler in floor 
tile*:, vinyl aihaet floor coverings, roofing, and siding shingles; si a 
flexible, though resistant, Jplnlng compound and filler of textured paints and 
gaeketn;. asi a bulking material with the beat wear characteristics for 
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automobile brake ehoas, and in countl*** domestic appliance* *uch a* toaster*!, 
broiler*., d!UKv**h*r *, refrigerator*,, erven* , cloche* dlryer*. electric blanke t*!, 
haiir Aryi* r*.,, »tc. In fact, the TFA h** 1 #*cim*t*iJ that approximately 733I.CHDO or 
20% of all gave meant, re*idkntial, and priVate non^rasldantial building* lh 
tS« U.S. coctain ■ om* type of frf*bla *xh**to*-containing material. 

The fart la that many nbettu beering material* or product* in of no 
health ria-k eS e t e w reet vhrn used in the normal courae af avent*. bwavax, if 
for ary mioi *f *ar, abraaitos, friability, vater dk«ag*, ate., any of tha 
aabesco* fiber* are released irrto the air aruf inhaled into people'a lung*, 
there 1* a health hazard. The etiecnrlfle mvaluatlion of all enrailabl* buun 
data provide* no evidence for a “aafe* level of elrbome aabaaito* axpoeure, 
thus any quantity ahould be considered potentially dangerous'. 


The glia*/*: fiber (usually referred to a« flbergla**) industry II* in it* 
infancy compered vith asbestos: and since asbaaito* related illness** only 
manifest th*a**lv,#n tena of year* after exposure, their* *re *om* echool* of 
thought that suggest gliasi* fiber fragment* v.lll 1 al»o accumulate in the lung* 
and ciui/t later problem*. This may be bo, but it li* unlikely to be anyvher* 
near a* tivin. The fiber* of glam* sxs not *K*d in auch large quantiti** at 
asbestos and eon of th* T**ln*. site. bervdlng the fiber* together appear to be 
extreaely effective and long lasting. Jkrvever, aoae fragjsantation, <Jd*« occur 
and thi* i* especially ncticeebla vheo the jtx>** flbergla** insula tXon; 
popularly used in attic;* and c*ilimg voids., 1* disturbed. Hose of w h*v* 
axper lanced, itching on contact vlth flbergla** and de r»e title rxrjy i reaction* 
are not infrequent due to airborne flbergla** particle*. 


In our review* of the literature,., the on* are* of iindoor pollution that 
ha* received l.e/aa/t study or r***a,rth he* b**/n e ontssination due to ailcrobe*. 
Kin* percent of the first 223' major bui'liding* studied! by, A'CVa have: exhibited 
high lie v,«,ll* of potentially pathogenic or allergy causing, bacteria. Including 
Actinomyces and Flevobarterlua »p*ic;iei»:. In addition. L*glbnella pneumophila,, 
the cause of the dreaded La g iom* ires* ii 1 * 1 ***# ha* f recently been ieolatad 
from inside *ir conditioning eye teas. 

Ferhap* eorr a igrviifl [candy., me have; found over rventy-elght different 
• peel** of fungus contaminating air handling system* (*** Table 1). 

Table, 1. 7Vng 1 Ieolatad from Air Conditioning Sya/tea* 
by ACVA fysitems • - 19Jl to l!9il'7, 


Alteimarl* »p. 

Axixeobae idlxa ap . 
Caphaloepor Ivee *p . 
Chry* oep o r I\a* s p. 
Curvularla ep. 

JXuarium ep . 

Herd 11* *1tophila 
Mutor *p. 

Oospore ap. 
Nnlcllllia* *p. 
Ihliopus B.p. 

t acchar oary,c *i*. »p . 

11 rap coaryc *;a rp. 
Verti'cllllua *p. 


Aspergillus ep. 
Candida ap. 
Chaetomlua ep. 
Cladoeporiumiep. 
Diploepor Iuj* *p; 
h* lmlntHo*poriv» sp 
honoeparlua ap, 
Kycella *itar;ila 
Faecilomycee ap;. 
fhoma Bp, 
Ithodotorul* my. 
fcopulariopsi* *p. 
Tticoth#clu» Bp. 
Yaaits 
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Of the 223 building* ituditd by A CVA kii'Waii). 1M1 and 17. thirty-four 
percent have V*• n found to contialin hit's of potajvtlial'ly; paith'O.gitwiic or 

allergy causing fun*l* Imcliudimg Alt«m*rU f Aspergillus:, C1*do*poriua, 
Tuj.rlua. *nd flattie 111 l<ua Bipacltis. In many building,* vlch txcesilvt *tiff 
complaint* , • i the r Asperglllai* and/or Cladoxpcrlu* •pacia* of fun^u*: wr»: found' 
to *xc«ii In tha air conditioning ductwork iy»t*»i. In 
1 rm s 11 g at ion*. mpl damiologiical t#*t* run by ^ariou* doctor* hiv*. confirmed' 
aevere aliiairtlc reactiiom to the: a por e * of the;*:* funtl in all 1 affactad cliff, 
iubsequent cleiacnling mnd removal ©f the leurcti of these: fungal contaminant* i 
Krva rarulted, in a complete abatement of complaint*. 

DIRT.IW DUCTUOILK 


1 

*&*S-** 

m 

rs-M* ---i' 


KVaC ay,* item* also have baan found to be poorly deigned and 1 rvaiglligiar.lly. 
maintain* di. txcaaaiv* dilrt aiccvarjliatlona era eemo n in ductwork, *vin in 
hospital*:. Frequently dirt i* built into the systems during contraction tinea 
tb* duett are installed long bafora tha window*, ate. and con*:ruction durt.v 
froa the *it«. plu* wood 1 shaving*, lunch p»ck*t*, coV« and bear can*, ate. find 
th as* c 1 vc s brushed into tha want* than •but of flight • «= out of mllnd.* 
Thereaift*r over the; Ufa of the building.,, aon dire enter* vith tha tupply and 
return air. Cood flltar* reduce tht: rata of this accuaulation. but the only, 
perfect flltar would ba a brick wall'. All filter*, avtn tha ultra -e:f file lie nr 
HEFA flltar* used in hospital operating room* allow fifrve particle* through. 
Many of tha*# fin* partible* coaltac*, sticking to eieich other by adhesion or 
electrostatic attraction and larger particla* simply grow with time. In 
coeu*#rc:ial buildings. mach cheeper and far 11* is is afflciant flltar* nr cokoti. 
nJmy wlill stop birds and'moth*:, but that fa about alllL Occ* *lonally v# find 
that rS* filters have beiein oalttad and very frequently v# find they, are 
under*!**, resulting: In large air g*p* that; allow »*t*iva volume* of air byp*»* 
to occur. Then, thera are the large electrostatic: preelpi'tator* that 
theoretically provide ul tra -effl,'client air. In one major b.uMldfng w* found b£> 
out of their 18 precipitator* were ihoperativ# due to broken part*, many had 
not worked for over a year. In a oajjo:r hospital, v* found the power pack vs* 
Killing froa one of these unit*. Vhen inoperative alectro*tatie precipitator* 
provide xero filtration:. 

Dirty ductwork la. a prefect breeding ground for term*. It; provide* an 
• ntlcic d space, CDtutint temperature,, huxidity, and food *• which is th« dirt., 
So gen*: could wish for more* 

The extent of this potential problem 1* hug« and it i* vary surprising 
vh.at wa hiv* found lm. duct*. Dead Insects, meld*, fungi, dead bl'rd* and 
rodinti are cocrn. Iin 19,54 v» found two dead snake* in air supply duct*. V#: 
have alia© found rotting food, builders rubbll* . rags, and nttfipiperiAll of 
tha** contaminate the air »t breathe. It lie the dirt th*t encourage* germ* to 
br**d -- germ* which cause imfertlioni . 

The dirt and dust;* 1 all*©: may, be allergenic:, in fact mo*t; of: the dust* are,, 
by d*.Mini'll on,, household duet a which' ere notorious f:o:r causing allergie* in 
many people. 

In a aurvey of a 1 750,000 square foot hospital In Virginia, we found 14 
mile* of ductwork. Hera are a few exmmrplia* of the problem* we encountered in 
thst met* of duct*. Smoke detectors blocked by dirt and inoperative; fire 
dexper* Ja_r=»td open, by dirt they were unable to closa; reheat coll,*: 

completely, blocked by dirt sealing of f the freih aiir supply; turning, vaneii 1 and 
even th* exhaust grilles completely sealed with dirt accumulation*: -* in the 
operating auita the exhaust far. was at ill working again*:! these duct blockage* 
causing such l'smtnie negative pressure lm th* duet* that the duct;* 1 w*:r* bowing 
inward. almost to the point of collapse; huge excesses of bacteria and fungi, 
w#:r;e p.Twisient: ihslldr the all handling chambers and throughout the ductwork; 
cron infection rates were, high end rrur»»»:, doctor*, and patient* complained 
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poor air quality.. Vt; have aincs cleaned all the ai.T handlers and th# 14 
aiilai of ducts and hemr* ov«rittn the, installation of more efficient ftltar 
*yat*ic!i!. That hospital has b**,n dramatically Improved and Its alt quality la 
nov vail abov. average. 

SYKTTOMOIjOCX or 1KOOOR AIR rOLUTTANTS 

In general. vhen one hear* of a polluted building or • ao-calliad *aicV 
building.* ona hear:* faalliar symptoms from occupant* including a.yjr and tvoa* 
irritation, fatigue, coughing, rhinitis, nausea, haadaoha*. aora throat*, and 
general respiratory problems. Without doubt, the pollutsxc most often blamed 
loT thes* arywpcoait by the p^jblic i* environmental. tobacco mmakm (HS). 
Hovtvir, there are usually confounding v*,rl*bl*s presented by a number ©f 
potential contaminant* that preclude* a quick analysis establishing a single 
source of contamination. Tha main problem baling th* lhcradiblt similarity 
batvaan aysrp too* froa widely different irritant*' ox even environmental 
conditions. for ax urp l c , idaintltal ayrsptotts h*v* baan raportad for individual* 
axpcsiad to formaldehyde. assonia, ©.xlldan of nitre gam, and otcni; In addition, 
similar symptom* art raportad by those Individuals suffering al'liarglc type 
reaction* to numerous dusts and 1 to microbial 1 spore* such as Aspergillus, 
fsnicillius. and Cladbsporlum fungi,,, among others. Sioilar syrptOR* have been 
raportad frost exposure to cotton dust and t i bar glass friprnti and an, aver 
incraxsi'ng acrad aijtllat problem 1* *ncount*r*d due to Ip* rallatlVa humidities. 
Tha 1 attar l!» v*ll knovrv to frequent flyer* of airliner* vhara ralatlva 
humidity level* ara frequently, a* low as 101. cocparad to a normal lover 
comfort laval of lay 40.%'., 

This similarity. of syupt’waA Is, usually unappreciated by, the public and; In 
part it accounts for a Via* against tobacco smoke. vhlch happen* to be tha sol* 
visible air pollutant. Furthermore . due to their unreliability, v.a, as a 
policy, refuse to rely upon or otherwise use tha information generated. by 
subjective building occupant qua s,t;i onns ,1 r» Cmly upon careful investigation 

of the entire indoor environs*nt: and ventilation *y,s.:t:*c of s building, can be 
draw inforcad conclu*ions about the various causes of poor, indoor air quality. 
As a result. v* have made St our business to perform precisely such 
investigations . Despite being the ms in, suspect of th«; occupant* In many of the 
building 1 * we have examined, wt hav* determined high levels, of a rrv i ronme nt a 1 
tobacco sack* to be i»ediste tauw ef indoor sir problems in only four percent 
of the 22.3 major buildings investigated. by, ACVA b*cv«*n 1981 and 1981 1 (nt 
Table 2). Slilgnlfllc.a'ntTy, in' thosa flew cases where high seeu»ul»tltorts of FTS 
have b*tn found, ACVA also has di*ccv*r*d an nciti of fungi and bactiriai lh 
th* KVAC system. These microorganism* usually are found to b* the primary 
c*us«* of the complaints: and acute adverse health affect* reported by building 
occupants. 

Table 2. ACVA lyatema Experience * - 1911 to 1987. 


Total building studies 

Ruabtr of square feet 

la t lima ted Taaa.be X * I <x cup ant* 


223 

39.000,000 

225,000 


Allergenic Fungi 

Allergenic or pathogenic bacteria 
Class fiber particles 
Tobacco smoke 
Carbon monoxide (vehicles) 

K1 *ca 11 weoui gas*a 



jnft 
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•bout poor air quality. V* h*ve since cleaned *1,1 the elir handler* *nd the: 1A 
»!}#* of duct* end h*v* DvtTi^titn, the in.it* 1 laitlon cf *on efficient filter 
systeo*. TKst hoip1tal has been draftstU*1 ly' improved and It* air quality 1*. 

ww v,U above average. 

rrKFTcmDbocY or indcxdr air rouxrrAKxs 

In general,,, when on* heart of a polluted building or a so*called, "sick 
bullldiing. • nrwe bears familiar sy*pt£>»* frcrn occupant* including eye; and note 
irritation, fatigue, coughing, rhinitis, luuiu , headache*. tore throet*:. and 
gervexal 1 respiratory problem*. Vithout doubt, the pollutant *o*it often blamed, 
for the** aywptoa* by the: public 1* errviroriental tobacco *»oV* (ETS). 
Kove v,*x, there are usually confounding variable* pre»ent»d by a maebtr of 
potential contaminants! that p,r»;c;llud«» a quick analyst* e*tabll*hihg a tingle 
source of contamination. The main problea being tha incredible similarity 
bacveen symptom* froa widkly different irritant* or even environmental 
condition*. For example, identical symptom have been reported f or individual* 
exposed to formaldehyde, aasoni*, oxide* of nitrogen, and crone. In,addition, 
ala liar *ycpto»* are reported by those individual* suffering allergic type 
reaction* to numerous dusit* and to aiicxioblal tpore* such as Aspergillus,, 
FeniciTl lun. and: Clad6«poriu» fungi . among other* . Similar *ywptoa* have been 
reported frioa exposure to cotton dust and fibergleis fragaent;* 1 and an ever 
iincT»a:*!lTtg: and elnlilax, problea i* encountered due to l!ov relative hualdl tie*:. 
The latter i* veld! knovn to, frequent: flyers of aiirl'iiner* vhexe relative 
humidity level* are frequently a* low as 10%, compared' to a normal lover 
cccfort level of a ay *0%'. 

This ticilarlty of sycptoc* i * usual! y, unapprec iated by the public and in 
pert it account* for a biiai* against tobacco sack*,, vhfch happen* to be the rolls 
visible air pollutant:. Furthercore:. due to their unrelliiabi 1 i ty, ve , at a 
policy, refutei to rely upon or orheirv.Isie: uie the, ir.foraetion generated by 
subjective bui1 ding occupant questionnaire*. Only upon careful inveitigatlion 
of the entire: indoor environment and ventilation syrt*® cf a building can*be 
draw informed conclusion* about the varilo.u* cause* of poor indoor air quality. 
A* a result. v« have aade i't our but In* * * to peT.fom precisely, such 
inve 1 11 ga tion* . Despite being the »*iin suipect of the occupant* in many of the 
building* vt have, examined, vi have determined high level* of »nv 1orjsen C a 1 
tobac co a*oke to be laced late c sune of indoor a fr piroblieist in, only f our pe rc en t 
of the 2 23 major building*. inve c i gate d: by, A'CVA brtv,e*:n 19! 1 and 19E 7 (see 
Table 2). Significantly, in 1 there, few cane* vhtTe high accumulation* of FT S 
hav# been found. ACVA also hai* discovered in exctii of fungi end bacteria in 
the HVaG! tyttea. Thai** aicroorgar.l *ot usually are found to be the primary 
causes of the c oirpl a ir.t* and acute advera* health effects reported! by, building 
occupant *• 

Table 2 . ACVA Systems Exp ex feme:* *- 19E l to 1987 . 

Total building studies 221 

Number of square fast, 3 9.000.000 

Estimated number of sccupenti 223.000 

Summary of most significant pollutants found: 

ftlluur.ii. Id„A ir \ cf_fcallfilnn , 

Allergenic Fungi >4 1 

Allergenic or pathogenic bacteria f { 

Class fiber part Ida a 7 f 

Tobacco amok* A v 

Carbon Monoxide (vehicle*) 3 V 

Kiscsllaneou* gaaas 2 ) 
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VTSTIlATlON AND INDOOR rOLUTXIDN 

yih* fact 1* that th* *ccumulation of »any pollutant# l» itj*»,l!f a ry*p to * 
©f o »or* atrious problao •- * problwr of inadaquat# vontil axiom M#die In* 

taacha* uj that troatinj th* #y*pto«J aiarply do*a dot vork. *n* Km to X® At ft 
th* eiusi of th* probl*». 

3*prop«r ’••ncllaitibn can »o**«tim** b* cartiad to TH* fr»»h air 

daarpar* var* clo**d coarp iVtaly In mr 35% of thoa* bulldinjf *tudl*d by ACVA 
(*»• Tabl* 3). Thr«* jmmir* *£0 w* found a build,'tnx vbart th* **a into,name* 
• ngiraar* Had bricked up tha fr*»h air want# eo aav« *r>*r£y. In Va»hinxton 
Jut* , one FIOSH iimna* tf i* tor of a tick building found heavy duty poly* thy l* in* 

Tabl* 3. lick bulldinx Syndrom* Gauaa* - • ACVA fxp«riant* 

Sjurpla build,in{*i: 223 

totallifi£ 3 9 t {> 00 , COO aquart face 

f.riod:; 1,9*1- 1'9/a?. 


No fr**h air 
I na d* qua r * fr#ih air 
foot di*tribution of 



Low flltair *f:fiiclbney 

loor da i*.l!fn 

Poor Iratallat5on. 


txetslively dirty dueevork 3£l; 

Condiniitu trayn fell: 

Hualdlf l*r» 1,6V 

*ha■ its: **aiin£ off tha fx**h air intake*. It turn*d out that th«*a had baem 
installed rvo ymmir a aarlirr to reduce th* lav#!* of ailie* duat ballnj carri*d 
Into th* bulldl'nj fro* Mount St. Helena. Thar* <rt *l*o ni-u»«rou* Incidence* of 
Inadequate. ▼■•inc ll a C i on, dua to hidden, blockades Iraida duct*. Uiinx fiber-optic 
techno lfo£y,, v* K*v» found wny tlasilcal «iajrplt* of *,uc:h vh« re tvminj v»nu, 
dAsprra, and r• H• at coll* lraid* duct* K*v* b*an totally »aa;l*d with aaulvii 

• ccuaralatlon* of dire, loo** insulation,, ate. 

Ferhap* th* »oit; atrloui problem of ventilation 1* that their* 1* no 

• ffactlv* lajislatlon nandatinx tha unlffcno un of ■iniarua fr**h air 

raqul r *o*r.t*,'. Certainly »op* authori tl*« do opacify v»ntlil*'Cl»n rat** at th* 
d**|jTv *,taix* -* fco*C of m. r* ba*«d on JUHXAZ or bOCA *t*n<i*rdx. However, 

th* major probl**, 1* that th*r* la no lenliala'tlv* oitrue :tur:r. t»r 1* thar* * 
practical polleinx methodology to *iu\in tha t th* operator* of Wl lding* run 
their Vantilatlon ay* teas according t* auch d-aaljra. 

tki imcr or cnxa co*mvAnc* 

So«4 of eh*** • *ajrp 1«« of 1 na d*quat* ventilotion w*r* du* to Ignoranc* of 
accldanca, Kowav*r, th* coarplox of *ywpto»* that I ha w* »*nt 1 cm*d •• th* •»lck 
buildlnt *yndro**a * •* fcay roou.lt; prloarlly fro* inarcr totuimtlon of fort* to 
aaal bulldinx* and roduc* th* lhf 11 tTotllon/ixfiltT;* t lion of olTi. tucb of fort* 
haw* r»ducad th* natural infiltration of fr**h *ii that pir*wioualy oxl*t*d in 
■any bulldinx®. ■xaeurbat inx th* ofton \mdiac©w*r*d problaa of o po-orly 
d**ixmad or ■aintainad KVAC *y»to». 


















In addition to tighteivlivg buildings and aeallng window* , building manager* 
Kavt shut down air conditioning *y*t«»s at night and on weekend* In aVi effort 
to Hewer ar>#rty coat*. When the air conditioning l* 1 »hut down i,n hualid 
climate*. condensation bulllda up and settles ihsld* the ductwork. If dllrt is 
pniinc in, dajrp ductwork, spore* and *iic:r:©b;*i* can flourish, only to be spread 
throughout th« bull dim* onct th« HVaC ry,at*» is turned on the next aombi. 
This of tan i result* in Monday, morning comp ile Inta of building odor* or building 
alcknr/ii* that disappear during tha weak, only to recur th* following Monday 
momlhg. To uvi more. energy. automatic temperature controllar* art: used to 
ey e lie fan*' on and off durlbg tha day. Vibration* from th* * tart -up of these 
fan* can ciuii dirt and microbe* trapped inside ductwork to bei dislodged and 
carxl«;d Into occupied areas;. 

Another energy coni«rvation effort that way, contribute to slick building 
syndrom* II* th* recirculation of indoor air,, at th# axprnu of fresh outdoor 
air , Th* 35* of th* buildimgi* mentioned above war#' saving mrvergy by shuttling 
off all th* fr**h air. 

Extremely bad distribution of ait throughout th# building is cooon, 
a* P* daily in tho*a systems using multiples of fan colli units mounted 
throughout the various floors of the building. Local thermostat* switch off 
individual units independently of others and micro-environment* are sat; up'. 
Often it 1* necessary to «n*ure that when the heating or cooling 1* not 
required, all th* fan* *hould be lleft running to aid circulation, throughout th* 
areas cone;*me d. 

Variiabll* air volume systecs (VAV) using VAV mixing boxes mounted in, the 
calling' void frequently have louver* opcrvllng Unto the void,. Vhen certain 
teeperatur# condition*' are art, the liouv.tr:* opnn and return or exhaust air ftoa 
the void can be induced Into the iiu.pp.ly, air, b)~ps*iing the filtration system. 
V.e have found fi'berglia.ss. aebeito*. fungi, and ETS to be recycled throughout an 
office due to this design., 

More ini'aor* frequently one find* the following design condition, exhaust 
fans rated at say 70 to 40* of th* supply fan*. Tih* supply, fans i w often, 
automatically throttled back for energy savings, say to 25* of their rated 
capacity. l;f the exhaust fan is not adjusted at the same rate the exhaust fan 
can overpower the supply fen and no fresh air gets into the building. The open 
fr«*h air louver* now, set as addition exhaust* and the whole building run* at 
negat ive pressure. Vhen thl* occur*:. ur.f i Tiered outs ide air infillifratee. into 
the building or, wor*e still, exhaust fume* 1 airai sucked up froa underground 
garages 

In addition: as: described above. "the substitut ion of low cost . low 
efficiency filter* to reduce pr**sur* drops: and nave energy seriously reduces 
th* efficiency of building filtration system, and can l**d' to aeriou* indoor 
air quality probltsi. 

VEKTIIUTIIDN COSTS 

Without doubt. th* majbx resistance to increasing ventilation rates has 
been th* cost of such increases. Most' companies h#v* incorporated energy 
management problem* and new ope r a t ing ■ budge t» baaed on laving, every energy 
del 1 st poa * ib 1*. In fact:, the very saleries and bonuses of building engineer* 
or energy manager* are dependent cm reduced cost*. It would be an anathea# for 
them to consider increasing energy usage and 1 co*t by incr*asing vent 11 arion. 

Hbvtver. forward thinking coapiniei should! look way beyond the constraint* 
of budgets of the energy managers. Consider the foil owing: the average 
heating, ventilation, and air; conditioning operating costa 1 of a typical 100.000 
aquar#' toot building in tha Washington. DC. area would be $50.0,00 per annua. 

A commendable target for energy saving by, saviing, on ventilation may be say 25% 
saving*, giving a useful $12,500: per annua. Of course, many of you present 
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operate building* many fold larger than 100,000 oquara fe*«. 
Ar « anatcractiva goal (»•* Table 4). 

Tabla 4. fchargy Cons*nation., 


thaae saving* 


Consider a 100,000 otpsarw f xx> t building 

Typical total utl1itia* cost ($1.25 and $1.75/*q ft): 

Average: 41-50/*qu*ro foot - $150,000 par anmm 

Typical HVAC fraction (25% to 40%) 

Average;: 53% - $50,000 par *nnu* 

Thus: All energy con*»rv*tt«i »t*pi by 
reducing ventilation, increasing air 
r*circulation;, ate. contribute a 
fraction of $50,000 par 100,000 aquare foot 
Hot*; a 25% energy aavinge - $12,500 par year 

Hx**. consider the payroll coat* for people In that building. Oaiihg 
typical average*. char* ar e 150 square fea t of apace p*;r employee, chart for* 
each I'OQj, 000 aqutre feet »x>uld bouse 667 paople. $uppo*ing we paid cheat ataff 
only 515,000 per annua for the aalary plua payroll coat;*, the salary bill ($67 
x 515,000) would b« approximately $10,000,000 per annua per 100,000 square 
faet,. Thu*, aach 1% absent* «ix» coat* $100,000 p»r anmo* (aaa Table S:)i. 
Typical' absence* ratal* run at J to 7i* send no lea* than 30 Co 501 of alii' 
absents eta* i# aatlaated to be di*a to upper respiratory problea*,. bow many of 
cheat art due te bacteri*., fungi, fiber*, chasicaJLs, CT5, carbon 

■onoxidh, cxiida* of nitrogen, ate., i.a. . bov xrrry are due to these internal 
pollutant*, 

labile 5. hayroll Coat*. 

Consider 100.000 aquar*: feet 
Average staffing - 150 aquair* foot/aurployee 
1QQ. OPQ equate feet - 4(6:7. awploye*s 
150 

Kiaua* «r-rerage ealary and benefit* - $15,000 par annua 

667 x $15,000 - $10,000,000 per annua 

1.*., each 1», abtinteela* coir* $lCO,000 per armua 

Kelt A vg taint : Upper retplratory co«pl*lnt» - 

30 ‘ 50* of all *baerrt*~»l*» 

iz> shore, whet doe* It profit a company to aava $12,500 In, energy aavlng* 
if that six*!! 1 saving cause* potentially hundreds of thousand* of dollar* in 
absenteeism:, not to sen: Ion lie a it vorl* r affile fancy, taxll wonder that »oa« 
turopaan countries, including DarmeirkVest Cerxany, and Jwitxerlend have: 
Introduced legislation Mandating that steps auiC be ca ken t* prevent the 
buildup of internal pollutant*. The United State* la destined to follow that 
course either by alow evolution or legislation wilii be precipitated as a 
reault of court action* brought by individual* or by trade unions Making tha 
building owner*. architect*. designer*:., and ope iratoxa responsible for the 
health and welfare of their s taff or tenant*. 





Source: https://www.industrydocuments.ucsf.edu/docs/qtvjOOOO 
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AN INDOOR AIR QUALITY SURVEY OF 
TWENTY-SIX SWISS OFFICE BUILDINGS 


Simon Turner end Fa'ter V.R.. Blrtnia 

Heel thy Buildings International Inc. (RBI) 

10378 Democracy Lane 

Fairfax, Virginia 22030 

U.S.A. 



In an effort to characterize the major faetore influencing air quality In 
]! buildings In Switzerland, 1 , 26 reprasantait ly* building* wera eelected for this 

j; study. tech building was subjected to the »ot indoor air quality survey 

I methodology. The most significant cause of air quality problems was found to be 

poor ventilation;, followed by Inadequate filtration and poor hygiene. Control 
of Legionella bacteria and asibesto*;*containing materials may also require high 
priority in. order prevent; immediate and long term haxarda to building 

occupants. 

j imODOCTJOK 

} There lit' a continuing requirement for air quality data on buildings not 

[ classified as “sick* which are representative o:f buildings as a whole within a 

I specific region or country. Currently, data on levels of many common indoor 

j pollutants in Switzerland are sparse. In addition. It has; been shown in the; U. Si. 

(1.2,3) that maintenance activitiais and the condition of air handling equipment 
I can have e>profound:affect on Indoor a Hr quality. Information on these factors 

| In Switzerland is equally hard to find. 

This survey selected and evaluated * representative group of 26 comercla! office 
buildings comprising a total of approximately 102,300 square meters of office 
space in 20 cities In Switzerland. The objective of this survey, was to provide 
contributory, dkta for future mitliget Ion policies, as well: as to help set 
guidelines for suitable venrlllation rates and filtration aitandards in particular. 
These studies were carried out from the 7th of February to the 15th of Kerch 
T989. The buildings selected for this survey were of a wide variety in terms of; 
their site, corn tructlion and use . However, a standard methodology to irrve s t lgate 
each: building vu applied. 

KTSODOLQCT 

Although a standard approach was used to survey aiaic.h building, it required 
flexibility to cope with* different types of buildings examined. 

1 Ini cl 1 1 Vali Iftrguth 

Sines one of the objectives of this survey was to asasts maintenance standards,, 
each study commenced with an interview with the personnel re sponsible for 
maintenance ofthebul Idling. Questions were designed toe licit opera 1 1 vsd* t a 11 e 
such as system; on/off times; freisih air, return air and exhauat settings; 
ache doled maintenance r outlines ; and: complaint areas;, if any . but di d not Include 
questioning of the occupants. There was a walk through of each building to 
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Idantlfy obvious building,configuration* or <UuI jn feature* which could influence 
•Hr- quality In the occupied «rcti, This was; followed by * couplet* visual! 
injunction of the internal* of th* building's ventllatloni system; If any. A 
vllsusl inspection was also made of the lnt«rrul» of:tha uin *il.r supply ductwork 
leaving each air handling unit:. Where necessary. tccctt was gained to chit* 
ductwork by, the Installation of a small accui port and th* insertion of a fiber 
optic borescope. 

Quail Istive Sa~r>lfn| 

In eiacb air haixJling unit and main air supply duct, a »■ rleis of sample* were also 
collected. on cellulose •; rter filter* for light microscopy analysis:, Surface: 
alcrobt fuplti: vtri: collected on Rjandom Orgar.1*■ Detection and Counting (RODAC) 
agar plates, to be subsequently Incubated , counted , and Id* ntl filed. 

A laser, per die 1« counter with a , *lx*i-selective Inlet for aajrpllng particle* with 1 
an aerodynamic diameter of 0.5 ■lcron* and above, v,« t u«*d to count pair t:llc;li* * 
inside tha ductwork. At leaat two point* warai a mmp led! inside eachi major, run of 
ductwork. This qualitative information cm the buildlhg, along with th* location: 
of the sample* and the building engineer questionnaire, we* prepared on a set of 
standard field note* to einaur* consistency,. In th* case of building* not 
equipped with forced air ventilation systems, this walk through and sampling 
phase wax obviously more Halted In a cope. 

EujtnUutlY* All Sissll'nt 

A set of location* war* identified In each building to be used! for quaint i t a Civ,* 
airborne sampling. The** location* were spread evenly throughout the *tudy are* 
of each building with a minimum of two location* per floor, *s well aa an outdbor 
control aamplla point:. The following parameters; ware measured at each location 
where relevant and appropriate: 

• Respirable airborne particle count*;, using a piezoelectric mi c rob alienee ; 

• Carbon dioxide level*, using a non-dispersive infrared absorption portable 

gas analyzer; 

• Carbon monoxide concentration*, using * controlled potential electrolysis 
detector; 

• Airborne nicotine (after Ogdkn ait *1 (A)), with a personal universal; flow 
* sap ling pump ; 

• Temperature:, us ing a Miniature pllatlnua Pt 100 resis tance sensor; and 

• Relative humidity, using a chromed layered capacltative electrode. 

The following parameters were measured In at least two selected locations im.eia:c:h 
building: 

• Kiscel1 an*ou* gases, using Castec calibrated detector tubes 

• Airborne microbial counts, using a centrifugal air sampler employing 
impaction onto an agar lined drua; 

• Formaldehyde, usling midget liarpinger* containing sodium bisulphite, followed 
by spectrophotometrie analysis; 

• Radon gas in basement areas, using Track-Etch radon detector*; 

• A rang* of volatile organic compounds, using a CC/HS in one or two 

location* par building, plus an outaida control for aach city; 

• Bulk asbestos analysis of any materials in the; air stream of the 
ventilation system, or exposed to thei building occupants, which were 
suspected of containing asbestos fibers;; 

• Sampling and counting of airborne asbestos fibers; 

• Sampling of aelieetad waiter aources, and analysis for the presence of 

lagjonelle pneumophila, along with a hazard assessment of the water source 
for possible future contamination and dissemination of this organism. 
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1XSP1.TS AKD DI£CC££I0K 

Thii eurvey yielded a large amount of data which can be broadly cl mi lfie d: aa 
either; quantitative analytical data or aor* empirical aiiriioenti of the 
condition of the air handling lyiteat;. The quantitative data la ahovn in Tables 
I. 11 and III. with the qualitative data ataeaaed and ranked on Figure 1. 

Nitrogen dioxide, lower and higher rang* hydrocarbon!. oione. ammonia, and 
aulphur dioxide were not found above the detection lliait of the method u*ed and 
are, therefore, not included 1 In the** table*;., 

TAJ 1Z, I. KECRAMCAlXY YrKTIlATiED AXZXS 
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HCHO 
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i firig.~b' 

A (all) 

628 

5A5 

4.3 

4.1 

41 

3:5 

0.03 

1161 

66 
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2 36 

C (all) 

A0 8 

A 08 

2.5 

2.7 

53 

53 

0.01 

64 

<o:l 

40 

3A0 

T (all); 

454 

58:7 

3.6 

3.7 

13 

19 

0.01 

2030 

4.0 

IS 1 

111 

1 (all) 
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442 

4.3 

4.4 

29 

35 

0.04 

515 

2.9 

29 

170 

R (all) 

526 

492 

2.5 

0.8 

20 
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473 
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3.3 

14 
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600 
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15 
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I (all but 
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92 

56 

0.06 
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62 

7 68 

l!ab 

C (all but 

858 

642 

6.2 

4.2 
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sO 

O 

o 

991 
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37 
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2.1 
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3.5 

H 

16 

0.12 

2693 

3.9 

44 

116 
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41.9 
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ktxtd mnuTiD axjus 


But 1 ding 


C0 2 (ppm) CO (ppm) <*p»' 3 ) 


Airborne 
kaddn mlcrcfc**s 


B (.11) 

D' (3F-4F) 


579 561 

460 4 50 


I (CF lab) 11750 1830 
C (CF 350 400 

reception 

H (computer/ 550 700 

conference) 

0 (3F conf. 508 617 

lounge and 2F lounge) 
Q (.1,1) 620 573 

S (mil) 750 517 

0 (lir, 3F, 550 558 


5.4 

4.6 

19 

16 

3.0 

3.4 

12 

14 

3.0 

3.0 

80: 

130 

3.0 

2.0 

40 

80 

2.0 

4.0 

20 

10 

3.3 

2.7 

25 

— 

2.4 

2.7 

55 

13 

3.2 

2.1 

43 

42 

2.7 

2 8 

70 

57 

3,1 

3.1 

40 

4( 


carbon monoxide 
respireblr sir* particle* 
volatile organic compounds 
parts per million 
not tested for 

colony forming units/cubic meter 


carbon dioxide 
formaldehyde 
mlcrogram/cubic meter 
detection limit 
Be cquaxel »/cubic meter 


The** 26 building* -earlied widely, and as a result, there ware many Item* found! 
which were unique to * particular building. Specific problems included HVAC 
outride air Intake* directly adjacent to parking lots. This type of problem is 
reflected in the “building configuration* .action of Figure 1. Another problem 
unique to a building wa* an excessively high radbn concentration iln an area of 
Building X which required lb«dlate; attention:. There were, however, some other 
more pervasive; factors which were common,to at least a rub-set of the buildings. 

Since thl* survey was mad* in winter, ao«t : operable window* ram* lined; closed. A* 
a result , many of the building* that were not '“quippe d 1 with forced ventilation 
systeas became somewhat s tuf fy , and thl* was r e li meted 1 ' In e levated carbon dioxide 
concentration*, either throughout the building;, or in certain pocket*. Table III 
• hows carbon dioxide levels overall in the naturally ventilated building* to be 
slightly lower in the afternoon-- this coincide* with observation* that window* 
were mors often open in the warmer afternoon hour* than in the colder morning*. 
Table 111 also shows that moait Indoor pollutants measured v*,re marginally higher 
in the naturally ventilated area*. An exception Is carbon, monoxide, which va* 
generally lower and this may be due to the presence of underground parking 
gars gt s und* r many of the a e ailed, me chan 1 lea 11 y v e nt 11* t e d bull dlh gs . 

low ventilation rates can be seen to affect more than half of these 26 building* 
(Flgurei 1) end may be Indicative! of a general trend. Since the majority of 
underventllisted building* were older structure* with llttlei or no mechanical 1 
ventilation ay*tem, it demonstrate# that Indoor air quality problems are not 
limited to U.S. style “high tech* sealed buildings, but arm just as likely tin 
older buildings (at laasit in season* of adverse weather)'. 
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Flgura 1. Iodoor Air Quality froUwu fro* J4 f»l»* Building* 
CewufAtl*’* Kv^ln|l ttwrfJatf 



Hon* - no fresh air 
Inadequate * limited frairh etr 
Dlat:. * poor freah air dlatribution 
AKUt - dirty air handling unit* 
Traya - blocked or dirty condensate 
tray,* 

Air supply • dirty air supply duecs 
Bldg Conf - building design or 
configuration probleat 


Inadequate -■ low efficiency filter* 

Fit - poor fitting filter 
Load - sKctiil'vcly dirty filter* 

A*b. * presence of asbestos 
ETS - a nvir oriental' tobacco awoke 
Fib. gllaas - loo*ie in air supply syatea 
Bacteria - praeenee of infectlou* or 
allergenic bacteria 
Fungi • presence of Infec tlou* or 
allergen! fungi 


Overall', duet level* v*rt higher in the nsturally ventilated building* not 
equipped with a filtration ayete*. This It not surprising since duata generated 
by occupant activities ax* wore likely to be euapendad iin the roow air for long 
periods instead of being drevn into a return eyatea. In the wore sophisticated 
buildings;, a number of filter ayctewc were found to b* subjected to poor 
*1 intenance -* woat CD*»only the *e;liection of filter* which are likely to rat* 
lea* than 10% efficient In*the respirable six* range. Host commercial system 
should be fitted with filters at leiact 20l efficient in this a ire range. A 
minority of the** filter* var* poorly fitted, allowing air bypass. and four 
building* were found 1 to have filter* which were ernessslvely loaded. Va.i still 
require a atendard test which evaluate* the ability of the filter to rewove aub» 
micron sire particle a i since theae are the ©net that penttiate, deep into the 
respiratory systea. We currently do not have such a teat which la applied 
routinely to coaaeercially available filter*;. 

Due to poor aalntemnce, heavy dirt created problems in woat of the air handling CD 
unit* inspected. Condensate trayi and All supply duct* were al»o found to be GO 
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loaded! w.iith various level* of dire, all'** o:r ecale. tajorpling for Leg lone I Is 
pntuj»ophi 1 m in building veter using the Legionella Rapid Assay wthod, revealed, 
tract level* of the organist In five building*, and atrongly poeitlva result* in 
throe building*. Th«*e aid* up tha majority of the bacterial problems found in 
thlia lurviy and demonstrate that this organlsmmay b* qgiit# wldaiapraad in cooling 
and humidifying systems in Svisis building* . In all tvcnty-a.lx building*, 
airborne Microbial aajrplei* ylaldad wild* rang**: of fungal spaclan. Thaa* vara 
generally si m: 1 ,lair to outdoor air sample raaulc*;. batter attention to hygiene of 
alir handling ay*ten* may be one of tha more effective ways of reducing occupant 
exposure to irritant* in many Svlaa buildings. 

A minority of building* exhibited poor uaa of fibrous glass, craating the 
potential fox release of fiber* either Into tha air •trams of tha ventilation, 
•yetem*. or directly Into the room air. This 1* a maintenance item which la 
relatively almpla to correct. More complex problem* are raised by asbestos 
containing matairiiala which vara found to be a significant problem In two of the 
buildings examined, and secondary or minor problem* In a further four. The 
control of fiber release from asbeisico* containing product* In Swiss buildings m*y 
be a topic which require!* significant educational effort in the future. 

Environmental tobacco smoke wa* found to be a *acondary or a minor irritant In 
a total of ailx of these building*, usually associated with pocket* of poor 
ventilation. Ventilation rate* which maintained carbon dioxide level* 
consistently bellow 600 ppm,, resulted in lbv l«v«l* of ETS, both as measured by 
nicotine and StSP levelau 

The mo a t room for improvement in, these buildings was found with vent Haiti bn 
rates;, which were inconsistent , and. In mechanical ly ventilated building* . with 
overall levels of maintenance:, especially with: regard to filter* and cleaning 
schedules. In.particular, there 1* a need for a standard filter testing method 
for respirable dust removal. Furthermore, if these bulldihge are representativ,*. 
of many Swiss building*, control of Legionella bacterium in cooling system*, 
improvement of hygiene of air handling unit* to maintain low level* of bacteria 
and fungi, and abatement of asbestos containing material'* in exposed are** may 
needl to be given high priorities in order to prevent immediate and long term 
hazard* to building occupant*. 

A CEH 0 V1XI>C EMENT S 


Thanks for guidance during the preparation of thi* paper are due to Cray 

Robertson of HBI-USA, and Howard Coodfellow. RBI-Canada. 
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